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COMPLETE SYSTEM, 
LAND-SURVEYING, 


Both in THEORY and PRACTICE, 


_ Containing the Beſt, the moſt Accurate, and Commodious ” 


Mernops of SURVEYING and PLANNING of GROUND | 
by all the INSTRUMENTS now in Us z; with regular Fokus 
of keeping a FitLD-Book or JouRANAI. 


: The Mz Trop of 
DIVIDING of COMMONS, &c. according to Quan- 
TITY and QUALITY. 


To which is added, 


The NEW ART of SURVEYING 
| By the PLAIN TABLE. 


. Containing a Nzw M rzor of 
SURVEYING and PLANNING by that InsTraunexT. 


To this Wor k is annexed 


A True and Correct TABLE of the LOGARITHMS of all 


Numbers, from 1 to 10000; as alſo a TABLE of the LOGARITHMIC | 
SINES and TANGENTS to every Degree and Minute of the QUAD EAN T ; 


— with a TABLE of LOGISTICAL LOGARITHMS, 


— 


— 


By THOMAS BREAKS. 


—— — — — 


„ 


, The SECOND Rnividli 


'Ougeis arytwperenrog cet r. 


— 
— — 


22 — * e 
8 


L ON D ON: 


PeinTeD for J. Murray, No. 32, FLEET -STREET 3 
FACING St. DunsTAN' s CHURCH; 


M,DCC,L&XVIIL. | 
9 


as. Mito. ** * _— PE 


. 


Mong the Multiplicity of Books relative to chat uſeful and 

entertaining Branch of Mathematical Learning, called 
Geodefia, or Land · Surveying, I could not perceive in any one of 
them, the Subject handled after ſuch a Method as is neceſſary, 
or might be expected from Treatiſes of this Nature. 

The many Irregularities and Obſcurities with which Works of 
this Sort abound, have induced me to undertake a Performance 
of this Kind, in order to remove Difficulties, clear Obſcurities, 
and render that which has hitherto been deemed dark and myſ- 
terious, plain and intelligent to the meaneſt Capacity. 

I haye all along been anxious and ſolicitous not to omit or 
negle& any thing which might be of Uſe or Benefit therein, ſo 
as to render the Work of perfect Utility to every one who has 
WWW 


la Purſuance of this my Deſign, I have in the firſt Book given 
you the moſt uſeful Geometrical Problems and Theorems. 

The ſecond Book contains the Uſe of the Table of Loga- 
rithms, as alſo the Table of artificial Signs and Tangents ; to- 
* gether with a complete Courſe of Menſuration both of Super. 
ficies and Solids. 

In the third Book you have Plain Trigonometry, both right and 
oblique angled, with the Solution of the ſeveral Caſes thereof. 

The fourth Book contains the Projection of the Sphere ortho- 
graphically and ſtereographically, on the Planes of the Meri- 
dian, Solſtitial Colure, and the Horizon. 

In the fifth Book is given Spheric Trigonometry, con- 
taining the Reſolution of all the Caſes of right and oblique an- 
gled Spherical Triangles. 

The fixth Book contains a few Aſtronomical Problems rela- 

ting to the Variation of the Magnetical Needle, neceſſary in 

a true Meridian Line to any Plan; I have alſo 

Tables of the Sun's mean Motion, by which the Sun's true 

Eeliptie Place may be readily found for any Time, paſt, preſent, 

or to come. a 
a 


(# ) 

In the ſeventh Book I have given the Deſcription and Uſe of 
the ſeveral Inſtruments uſed in Surveying. 

The eighth Book contains a clear, comprehenſive, and practi- 
cal Method of Surveying and Planning all Sorts of Ground, by 
the Chain, Plain Table, and Theodolite. 

In the ninth Book I have given Altimetry and Longimetry, 
(or the Method of meaſuring acceſſible and inacceſſible Heights 
and Diſtances) ; together with the Method of finding the Ho- 
rizontal Lines of Hills and Valleys; as alſo the Form of redu- 
- cing Plans; with County-Surveying, and an eaſy, practical, 
and expeditious, Method of taking the Perſpectiive of any Gen- 
rleman's Seat or Building with the Theodolite. 

The tenth Book contains the whole Art of dividing of Ground, 
according to Quantity and Quality; with the Theory and Prac- 
tice of Levelling ; as aHo the Manner of finding the Variation 

of the Compaſs ; with the Method of Waſhing or Colouring 
Maps or Plans. 

Laſtly, I have given à new Method of Surveying and Plan- 
ning all Sorts of Ground by the Plain Table only, by which the 
Angles (or rather Bearings) are taken and protracted at one 
and the ſame Inſtant in the Field, and that too upon one Sheet 
of Paper ; by means of which the Trouble and Inconvenience 
of ſhifting the Paper i is entirely removed. 

I have alſo given a correct Table of the Logarithnis of alt 
Numbers from 1 to 10000 ; together with a Table of Loga- 
rithmic Sines and Tangents, to every Degree and Minute of 
the Quadrant. I have alſo given a Table of Logiſtical Loga- 
zithms in Street's Form. The Table for converting Time into 
Motion, or Motion into Time, 'I have omitted, as it is of little 
or no Uſe in practical Surveying. 

Having thus given a brief Recital of the Sabllanee of what is 
Herein contained, and being perfectly ſatisfied, that every Endea- 
Hur has been uſed to omit Le eſſentially neceffary, nor at 
the ſame Time to add any RS ſuperfluous; I hope I may, 


without Vanity, ſtile it, 4 Co ete Men of Land- — 
bath in Theory and Prattice. * 
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- POINT has undergone various Defini- - 
_ tions, according to the different Senti- 

ments of different Geometricians, who 


C 
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DEFINITIONS. : Book L 


Fic. 2. A Line is generated by the Motion of a 


1 


Point; for if the Point A be conceived to move 
from A to B, it will generate the right Line 
AB, and is the neareſt Diſtante between any 


two given Things in a ſtraight Courſe. But a 


curve Line is not the neareſt diſtance between 
rwo points, being generated by the crooked Mo- 
tion of the Point A, which deſcribes the Arch 
or Curve ACB: And hence a Line is ac- 
counted the firſt Magnitude in Geometry, hav- 
ing Length without Breadth or Thickneſs. 
A Superficies is the ſecond Magnitude in 
Geometry, being generated by the Motion of 
a Line; for if the Line .AC be conceived to 
move in a parallel Direftion to irlelf along the 


Lines 4 B, CD, it will produce the Superficies 
ABCD. 


4. The third Geometrical Magnitude is a So- 
lid, whoſe Dimenſions are Length, Breadth, and 
Thickneſs; but it is no Ways concerned in the 


Practice of Surveying, although it be à Part of 


Menſuration. 

5. An Angle is che Incination of two Lines 
meeting in a Point called the Angle Point, and 
is moſt commonly expreſſed. by three Letters, 
the Middlemoſt of which denotes the Angle; as 
ABD ſignifieth the Angle B in the Triangle 
ABD; and BDC exprefles the Angle D in 


the Triangle BD C, &c. 
6. A right Angle containcth juſt go Degrees 
| of the Arch of a Circle, or nn 


Dx FINITIONS. 


| 3 
of tro Lines perpendicular to each other, as Fig. 
ABC. © : 

7 An acute Angle is leſs than a right Angle 
or 90 Degrees, as the Angle A or C in the Tri- 
angle FBC . 

8. An obtuſe Angle is greater than a right 
Angle; and therefore any Angle which con- 
taineth more than r 
a Circle (as the Angle C in the obtuſe Triangle 
BC'D) is an obtuſe Angle, and contains as 
degrees above 90, as the Sum of the other two 
Angles B and D fall ſhort of 909. 

9. A Perpendicular is a Line drawn down 
upon another Line, making a right Angle (or 
an Angle of 90 Degrees) as the Line CD is 4. 4 
to the Line 4B; making the Angles ADC, 
EDC each equal to 90 Degrees, or 4 right 
Angle. 

10. Of ſuperficial Figures, ſome are regular, 
and ſome irregular. _ 

11. Regular Supetficics are cicher thnüe-Gded 
four-lided, five-ſided, many- ſided or circular. 

a. A Figure conſiſting of three ſides, is called 
a-Friangle, of which there are two Sorts, viz. 
right-angled and oblique-angled. 

13. Right-angled Triangles are ſuch, as have 
one right Angle, and two acute Angles, as in 
che Triangle ABC; the Angle Z is « right 5. 
other two Angles 4 and C are acute, each con- 
taining leſs than 90 Degees (or a right Augle;) 4 


Book I, 


Dr 11 1 ton. 


F16. of the three gde de longeſt Side 4 is called 
the Hyporhenuſe, and the other two are dated 


6 - 


4 


* 63 And therefore all equi. 


7· 


equal, as in the 
BC re equal 
Angle is = thE 


| of iſoſceles Triangles, ſome are 


Leg.. e 
14. Oblique Triargles a are dach 25 bare no 
right Angle, but all the Angles oblique, © as 
ABC. Of theſe: there be three Kinds. viz. 
an equilateral Triangle, an * Triang®, 
and à ſcalenous Triangle. | 
2449 An equilateral Triangle hach all irs Sides 
(and confequently all its Angles) equal, as BCD. 
16. An iſoſceles 'Friangle hach two of its Sides 
equal, and conſequentiy their oppoſite 


Angles 
riangle 45 C, the Sides AC, 
PIs WEEN the 
e £0 
| 17. A-ſealenons. Trizigle hath. all ts" Sides 
E 
'Fheſe and all other Sorts of eblquc-angled 
Triangles whatſoever, are under angle Tr. 


18. A Sent ed ee ee fe 
Angles obtuſe, and more than 90 Degrees; as 
in the Triangle ABC, the Angle E W 


2 go Degrees. 
No. omega Nantes bosse ue le- 


lateral Triangles eee 


* and ſome are obtuſe- angled, as FG: | 


20. 


T oof Dzz1iNLiT:raNs 5 


0. A Geomerrical Square hath all its Sides. FIG. 
equal, and Avgles right, as ABCD. 10. 
21, A Parallelogram or long Square hath. four 


les but the Sid 
ID. _ 3 


22. A — bath four 57 Sides, but 


2. 


11. 


r equal 4. 38 in the Rhomboides | 
ABCD, the Side AB js. 10 che Side CD, 12. 
and the Side! 4C'= to the Side B D; it hath 
ee an ter, viz. ro acute and two obtuſe. : 
24. All four- ſided Figures, except thoſe aboye- | 
' mexitivated, are "_—_ Wear Trapeziums, 6 
as 4B CD: oy | 14G 17722 * | f 
© 25, A Diigonal is à Line BD drawn: 1 . 1 
one Corner to another. in any four. Adel Figure IM 
ABCD, 5 rf: 2 ; 13. 
2 6. Figures conſiſting of more than four. Sides, 
are called Polygons ; CIS FOI 
4% Kegel Palygod.confifieah of equal Sides | 
| and equal Angles, and takerly its Name from the 
Number of its” Sides, as the fiye-ſided Figure 
ACD Rom Pentagon, and the ęight- 14. 
fided Figure . 15. 
"INI IP = | 12106 
91159 21 e. 21 


33% 
aN 2 


* 2 8 


110 


6 hs 
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Fig, © 


16. 


360 Degrees or four right Angles. A Circle 


I7. 


17. 


17. 


DzFINITIONS 


3Y 
= 6 

A regular ] 57 
Polygon of } 8 
| 9 
10. 


28. All Figures conſiſting of more than four 
Sides, and having unequal Sides, are called irre- 
gular Polygons, and are diſtinguiſhed by che 
Number of their Sides; as SBCDE is an 
irregular Polygon, de. and may conliſt of fifteen, 
twenty, thirty, &c. Sides. 

29. A Circle is a Figure formed- by the Mo- 
tion of a Point round its Center, till the Motion 
end where it firſt begun. Every Circle contains 


comprehends a greater Space than any other ſu- 
perficial Figure, for a Line equal in Length to 
the Periphery or Circumference thereof, will 
„ e e 
gure whatſoever. 

30. The Periphery or — of a 
Circle, is the Out-line or Bound thereof; as 
DXZE, every Parc of which is equally diſtanc 
from its Center A. 

31. The Diameter of a Circle is a right Line 


drawn through ies Center, s D AZ, and is 
the longeſt Line- char can poſkibly be drawn 
therein, dividing the whole Circle into two 
equal Parts. Half the faid Line (4D) is called 


the Semi-diameter or Radius of the Circle. FA 
32. 


Axion s 7 


32. An Arch of a Circle is a Part of the Fi. 
Periphery or Circumference; as ZY is an Arch, 17. 
or Part of the Periphery DXZE. 

33. A Sector of a Circle, is a Part cut out 
by two Lines drawn from the Center through 
Arch coatiined berween the two Semb-eidmcrers; . - 
as the Part ALT is bounded by the Lines 4X, 17. 
AY, and the Arch I I and is termed the Seftor 
of a Grd - 
24. A Segment of '« hd i © Part cue off 
a right Line drawn acroſs the Circle; as the 
| Part CEB cur off by the Line CB, is called 17: 
the Segment of a Circle. | 

35. An Elipſis bu curre-lined Figure of un 
other; een 

wanfrerle Diameter, and the ſhorter BD 8 
amel the conjugne Dime: 


 AxioMt 


Alen d. oh L 


33 * | 
Ii 345 a6 275 1 7 1 
Axio ns fi fell th N. FE vexiD's 

h 1 434% 12 of L lements 7 ; | 


comedy «1; h bir 4-4 
— 1 the 
fame Thing, are equal to one another. 
2. ite Quintiies be added mene Quan- 
tities, the Sum of thoſe: Quantities will be 
. © err 
Quantities, the Remainder will be equal. 
4. If equal Quantities be added S 
Quanrries, the Sum will be unequil---< -> * 
F. If from equal Quantities' be taken unequal 
Quantities, the Remainder will be unequal. 
6. Things that are double to one and the ame 
1 Nn 7 
2 Thoſe Things chat are half one and the 
ame Thing, are equal among themſelves! : 
A erer m. 
equal to one another. 
nl 
** 
10. Two right Lines cannot contain a Space. 
II. All right Angles are berween themſelves 
Wr right Line fall upon two other right 
Lines, and make the inward Angles on the ſame 
both together, leſs than the right Angles; then 
thoſe two right Lines infinitely produced, will 
meet each other on that Side where the Angles 
are leſs than right ones. 
2 M 512A SIGNS 


CHARACTERS. 


Sens and CHartacTERS; their Names and 


Significations in Geometry and Surveying. 

= QUAL to; as 8 = 8, i. e. 8 is equal | 
"ir EX 

+ Plus or more; as a 4e = 2. i. e. 4 more or 

added to e is equal to 2. 

— Minus or les; as a—e= 2, i. e. e taken or 
ſubtracted from à leaves 2. 

x Multiplied ; as @ v e, or ac; either of which 
ſhews the Product of @ ande. 

+ Divided by; as @ + e, or 23 either of theſe 

denotes the Quotient of à divided by e. 

Square Root; n 

tis is equal to 4. 


Square; 20 12, be Square of 12/10 be 
— 


: Proportional; as 2: : 16; that is, 
rr 14 | 
ese 180° > AnAngle greater 


than 1 80, G A Station. | 
6 6 I 0 A Parallelogram ; 1 Parallel 


* as Triangles; Er Corner; s Squares. 
e "48 Perpendiculars, 


c SE. 


ROS & 


GEOMETRECAL PROBLEMS. 


Fig. . PRO I. rien 
„. 
Parts. 


| 

| ket | 

With any Diſtance greater than Half AB, 
| and one Foot on 4 and B, deſcribe two Arches 
| cutting each other in C and D; through the 
| interſecting Points C, D, draw a Line CD which 
| will divide A B into two equal Parts in J. 


* | PROP. IE Pas. 


| 20 To draw a Line parallel to a given Line CD, 
to paſs through any aſſigned Point A. _ 


RuLz.. 


From the given. Point A take the neare® 
Diſtance to the given Line CD; wich that Diſ- 
rance, and one Foot any where towards C, de- 
. ſcribe an Arch O; through 4 draw a Line 
4B juſt to touch the Arch O in O, fo ſhall | 
the Line AB be the Parallel required. * 


Fect. I, GBONEZTIIcAL PROBLEMS. 


II 


| Or thus ; Fic, 


Chuſe any Point © in the given Line CD, 
on which as a Center deſcribe a Semi-circle 
CAD; make DB = CA, and through the 
Points A4, B, draw the Line 4 B which will be 
1 CD as was required. 

PROP. III. Pxos. 


To raiſe a Perpendicular from a given Point 
P in @ given Line AB, 


RuL E. 


Make P44 = PB = any Diſtance; and from 
A and B deſcribe two Arches to cut each other 
in D; from P draw a Line P D to paſs through 
the incerſofing Point D, which will be L to 
AB. | 


Or thus : 


On the given Point h defcribe the Arch FD; 
take PF and ſet from F to C and from C to 
D; with any convenient Diſtance, on C and D 
deſcribe the Arches O, and through their Point 
of Interſection, from the given Point P draw the 
Lie PO the Perpendicular required, 

PROP. IV. Pxos. 

To raiſe a Perpendicular from a given Point A, 

x ana ach” roam 
C2 Ro LK 


21. 


22, 


23. 


27 


12 GEoMETRICAL * Bock I. 
1G. 
FiG R U L E. 


24. Set one Foot in A, and extend the other. to 
any Point C above the Line 4 B;. on the Center 
C deſcribe the ſemi-circle FAP, tocut AB in 
F; draw FC cutting the ſemi-circle in P. Then 
draw AP, which will be 1 to 4B. 


PROP. v. 'Pzxos. 


25. From a given Point P ts kt fall a Perpendi- 
cular upon a given Line AB. 


RuLE. 


On the given Point P as a Center, deſcribe 
the Arch EF to cut AB in E and F. With 
any convenient Diſtance, and one Foot on E 
and F, deſcribe two Arches to cut each other 
in J; through P and I, draw PI, which is per- 


— IOn 
PROP. VI. Pxos. 


4 To make an Angle ABC equal e give 
Angle CDE. 


nen. 
With any convenient Extent of the Compaſſes, 
and one Foot on D, draw the Arch FG = the 
Meaſure of the given LD. Draw a Line BC, 
and with the Diſtance D P deſcribe. the Arch 
HI; r 


Sec. I. GromtTaICAiL PrxoBLEMS. 


ing the Angle; ſo is the Angle 4 BC = the 
Angle CDE. 1 255 ä 
| PROP. vn. Pros. 5 

To lay down an Angle FD O = to any de 
— INIes &c. (ſuppoſe 35*.) 


Ris. 


Draw the Line D F at Pleaſure, and with 
60 off the Scale of Chords deſcribe the Arch 
E H on the Center D. From the ſame Chords 
take 35 (the Quantity of the Angle) and lay 
upon the Arch from E to H, through which 
from D draw the Line D G, and it is done, for 
R 

* | 3 


PROP, VIII. Pac. 


To nale @ Triangle of three given Lines A, 


oe 
third. 


Ss. 


FG, and through 7 draw the Line B. 4 bound- Fic. 


27. 


Make DE = to the Line 4; OY ; 


Cin your Compaſſes, and with one Foot on E 
and D, deſcribe two Arches to croſs each other 


in F; then drow -DF ud EF, which will 
PROP. 


14 GEPMETRICAL prior EN, Book I. 


776. PROP. IX. Pxos. 
29. pen a given Line A to make @ Square, 


Ru x. 


Draw RC and CD to each 
other, and make each = to 4; with the Diſ- 
tance A, and one Foot on B and D, deſcriba 
two Arches to cut each other in J. Then draw 
BI and DI, which will complete the Square 
BD. 


PROP. X. Pxos. 


26 , POT > tuo given Lines 


RU Lx. 


Take CD = to B; alſo make DE A to CD, 
(by Prob. 4) mi DEm LC; then with the 
Diſtances CD and DE, from E and C de- 
ſcribe two Arches to croſs each other in F; 
draw EF, CF; ſo is DF the parallelogram 


required. 


PROP. XL Pros. 


To draw a Circle through any three Points 
31. A, B, C, nat in @ right Ee. 


| Ru l x. 
With any Extent greater than Half A B, and 
with one Foot on A and B ſeverally, deſcribe 
„ ... 


* 


$eft.T. GromeTRICart Proni MI. is 
alſo with any Extent greater than Half BC, de- Fs. 
ſcribe. as before, on the Points B, C two Arches gr. 

interſecting each other in F and G. Through 

the i Points D, E, draw the indefinite 


Line D; alſo through the interfetting Points 
F, G, draw an indefinite Line F 7 to cut Din 


I the Center of the Circle: With the Radius 
TA(=TIB = IC) ſweep the Circle A BC as 
required. 


PROP. XII. Pros. 


Yo divide 4 given right Line AB into any 1 
Hapeſed Number of equal Paits (Juppoe ſa hu. 
R IL E. 

At each End A and B of the given Line 
AB, ſet off an equal acute Angle B D, 
CBA, that is, make the 1 = the 1 B. and 
draw the Lines 4D, BC of any ſufficient 
Length, e 

Take any little Diſtance in your Compaſſes and 
lay it ſix Times upon the Lines BC, A D, each 
Way from B and 4 towards C and D, and 
fore esch with the Figures 15 2, 3, &c. Then 


draw the Lines 15, 24, 33, 42, $1, which will 
divide AB into fox equal Parts, 


PROP. XII. pros. 


Given two Lines S and T; fads 0 5 
in geometrical Proportion. = 


Rur 


K 6 GEOMETRICAL PROBLEMS, Bock I. 
IG, 


Ru l. x. & 4 
33+ b £4 is add ay nes ht 
LN; make LO = to S, and LO, and LP 
each = T; draw O Q, and from P draw PR 
parallel to O Q, to cut LN in R: Then it 
will be, as LO (=S): Lg (=T) :: LP 
(= LO): oy OR ION; 
and therefore &: T:: T: LR. 5 


PROP. W | 


To divide a Line AB into two Parts, in Pro- 
34 portion to each other as the Line S is. to the 
Line T. 


Ru L. E. 


From either End A or B of the given Line 
AB, draw a Line 4 D to make an acute Angle 
(BAD) at Pleaſure; make AE = $8, and ED 
= T, Join BD, and from E draw EF Ul to 
BD, to cut AB in F: * 
F: FB. 


W 
| Ginen three Line: A, B and C; to fd 6 
” td i Poe o tn 

» © 37 Tow 


Draw DH and DG, to make any acute 
Angle HDG; make D H= the Line 4, DG 
= the Line B, and D 7= the Line C; join the 


2 + 2 47 64 4 + & * Þ 44 24. 
Sed. 1. GzonzTRAICAL ProOBLEMS. 


Points H. G, and from T drew Fu to HG, Fi G. 


which' will cut DF in F, ſo is DF the 35. 


77 nd fot DH: DG:: 
DI: DF. 


PROP. XVI. Paos. 


To divide any Circle KLMN into any Num- 36 


ber of equal Parts not exceeding ten. 


Ko . 


the Circle by draving the Dianicter 
| 1 N to each other; make 
KO and KP each to LQ, and draw P O = 
One- third of the Circle. Join K L which will 
be one-fourth Part thereof. On R, with the 
Diſtance R L, deſcribe the Arch LS, and draw 
the Line LS = one-fifth Part of the Circle. 
KQ,.(= LO) is one ach Part. Alſo RP 
(= RO). is one-ſeventh Part. K A is one-cighth. 
Part. Divide the Arch OTP into three equal 
Parts, ſo will OZ be one-ninth Part, and OS 
one-tenth Part thereof. 

After this Manner you may make a Pentagon, 
Hexagon, Heptagon, ORtagoti, Notagon, Ce. 


PROP. XVII Po.. 
Given the Tranfoerſe Diameter AB, dad the 


Conjugate CD of an Oval, to deſcribe the ſame. 
D 


Rurx 
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RU . 


Bites AB by drawing CD through the 
middle 2, Make 40 = CD, and divide OB 
into three equal Parts; ſet two of thoſe Parts 
from à to b and I; with the Diſtance 7b make 
two equilateral Triangles 7db, Jeb, whoſe An- 
gles are the Centers. Then with one Foot of 
the Compaſſes on b and 7 ſeverally, deſcribe the 
Arches FB, i Ag with the Radius BB (= JA:) 
Then with the Diſtance eC (= 4D) and with 
one Foot on the Centers e, d, ſeverally deſcribe - 
the Arches i C/, þDg, completing the Ellipſis 
or Oval 4CBD. But the true Method of 
delineating an Ellipſis, is by the Line of Sines 
on the Sector, as performed in the following Pro- 
poſition. * 


PROP. XVIII. Pros. 
To lay down an Ellipfis by the Line of Sines 


on the Sector, having the Diameter AC and 
BD- both ou. | 


RvuL E. 


E 
EC; through E draw BD +4 AC, and make 
BE = ED. Make EA (= EC) a parallel 
Radius of 90: 90 on the Line of Sines; then 
take the parallel Sines ef 10, 20, 30, &c. and 
„ both, 


Ways, 
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Ways, which will give the Points 10, 20, 30, 40, Fi G. 
Kc. through every one of theſe Points draw 38. 
Lines | BD, as 80 80, 70 70, 60 60, &c. then 
make EB (= ED) a parallel Radius of go: 

9o on the Sines, and take parallelwiſe the Sines 

of 80, 70, 60, &c. and ſet all Ways from 10, 20, 

30, &c, to 80,.70, 60, &c. then through theſe 
Points, with an even Hand draw a Curve which 


will give the Ellipfis required, and is every Way 


true and perfecthy mathematical. 
| Tf an Ellipfs thus drawn be cut out on Paſte- 


PROP. XIX. Pais: 


To delineate a Parabola, baving the Ordinate 39 


Draw a Circle through the chree Points ACB, 
(by Prob. 11.) Alfo through C draw as many 
as may ſeem convenient, each of which 
cut the Axis CD ſomewhere between C 
D, as in a, 5, and c. Make ad, be, and 
to DE, and through d, e, and , 
b, it, Im, all parallel to 45, to cut 
Circles in g, B, i, l, J, u, through 
wich an even Hand draw the 
Curves Ci 4, CI B. This is Fletcher's 
as allo is the following Problem. | 

D 2 : PROP. 


SE 
\ Z 


o 


. 


17 
5. 
Hat 


- 


E 
n 


i 


20 
Fi6. 
40. 


Book J. 


Ti $4. 7 


GEOMETRICAL Pao BLEMS, 


PROP. XX. Pros. 


+ draw as: Hiperbels ABC, boving 
Tranfoerſe Axis BD, and BE (= DF) the Di- 


e 


the Axis given. 5 
| Rue. 
Continue B E any convenient Length, as to 


; alſo divide BG into any Number of Parts 


-qual or waequal, in a, ö, c. With the Diſtances 
Da, Db, and Dc, and one Foot on F, deſcribe 


the Arches dd, dd, dd, &. Alſo with the 


41. 


Diſtances Ba, Bb, bc, &c. and one Foot in E 
croſs the Arches firſt drawn, with other 
ee, ee, ee, &c. Through the Points of Inter- 
ſection draw the Curye ABC. . 


PROP. XXI. PRos. 
To reduce any Quadrilateral (or four-fided 


| Figure) ABCD, to a Triangle. 


R v z. 

Draw AC; alſo from B draw BE U 10-40 
which will eur DC extended, in E; ' then draw 
* * DAYS the Triangle. 

or the Triangles 40, AGE, ſtandin 
upon the ſame Baſe 40. FN 
Parallels AC and B E, are equal (by Theor: 139 
and by adding the Triangle 4 DC (which is com- 
mon to both Triangles), we have the Triangle 
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PROP, XXII. Prox. Fie, 
To reduce the Pentagonal Figure ABCDE to 42. 
@ Triangle whoſe vertical Angle ſhall be at C. | 
Ru L. E. 


Extend the Side AE (oppoũie to the vertical 
Angle C) both Ways to G and H, and draw the 
Diagonals EC, AC; then, through D draw 
DG u to CE, to cut AE extended in G; and 
through B draw BH U to CA, which will cut 
AE extended in H; then draw GC and HC, 
_—_ 0x 
be Pemagon ABCDE. 


PROP. XXIII. PRI OE. 


To reduce the Oflageal Figure | ABCDEFGH 43˙ 
fo @ Triangle. "I 


Ru AUR, 


Continue 2 BC, CD, DE, EF; 
then at H dra GTy HF, to cut 
E F exxended.in I; alſo draw IK ll HE, which 
will. cut DE extended.in T; alſo draw ELN, 
to cut C D extended in L; allo draw LAL N HC 
to cut BC extended. in 1; and laſtly, draw 
MN 1 HB, which will cut AB extended in 
N. Then draw HN; ſo is AHN the Tri- 


angle. 

Note, The Work of this and the following 
Problem will become perfeAily eaſy, if you uſe a 
| Ruler. PROP. 


SA I FS © 


Fig. 
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PROP. XIV. Pxos. 


To reduce an irregular Figure ABC Sc. as 
a Field whoſe Hedges contain many Bendings, 
_— * to a Tr ET 


Rus. 


Firſt reduce the Sides LB, Bc to one Side 
AM, by the laſt Prob.” then beginning at Ag, 
lay the Edge of a parallel Ruler on M and E, 
and extend the other Edge to D, which will cur 
AM in a; then lay che Ruler on à and the 
the next Corner F, and its Edge extended to E 
will cut AMA in c; then apply the Ruler to c 
aad the next Corner G, and its Edge being ex- 
tended to F will interſet AM in 6; again, lay 
the Edge of the Ruler on & and the next Corner 
H, and its Edge being extended to G will cut 


AM in P. Draw HP, which has reduced 


the crooked Side C DE, &c. to a ſtraight one. 


Thus reduce the other Sides, and you will have 
a Trapezium equal to the Figure ABC &, 
This Trapezium may be further reducetl wa 


Ting (by Prob- ras oh ace 


Set, II. GroMETRICAL THEOREMS. 
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— — _— <—_ 4 


— _- — . — 


.< ROP. „ Taz. | Fis. 


JF any rig be Line AY hand upon the Midi 1 


of another right Line D Z, it will make there- 
with two right Angles, or two Angles «ohoſe Sum 
is equal to two right Angles. Ex. 1. 13. 


Draw the Diameter DZ, which will divide 
the Circle DZ E into two equal Parts DX Z 
and DEZ, each containing. a Semi- circle (or 


180%) if therefore a Line X 4 be drawn from 


the Point X to the Center A, it will divide 
che Semi-circle DXZ into two equal Parts, 
making rwo right Angles D AX, Z AX; or 
if a Line 41 be drawn down from another 
Part (T) of the Circumference to A, it will 
divide the Semi-circle into two Parts, 
making the Angles DAT, Z Ar unequal; 
but DAY + Z A are equal to a Semi- circle 
or two right Angles. QE. D. 


PROP. 


T 


Groutritccr Titel tt + 
FiG. PROP. Il. TI ZO. 


45. If two right Lines TL, KM interſef? each 
other, the oppoſite Angles A and C. as alſo B and 
D are equal; that is, the Angle A = the Angle 
C, and the Angle B = the Angle D. Euc. 1. 15. 


The Sum of the Angles A + B (by Theor. 1.) 
is = to a Semi- circle, alſo the Sum of the Angles 
A+D (by the ſame Theor) is = to a Semi- 
circle; then A+B = 4+ D (by Axiom 1.) 
Throw away A from both Sides of che Equa- 
tion, and there will remain the ZB = < D 
(by Axiom 3.) 2. E. D. 


PROP. III. Tatcs. 
46 If @ right Line OR cut tes parallel right 
Lines NP, SQ, the alternate Angles Na R. 


950 are equa, and conſequently the Lines pa- 
rallel. Euc. 1. 29. 


The Angles Na R, und PO (by Ther. 29 
ite equal; and becauſe the Lines are parallel, he 
E NAR is O 2 PaO, which 
Theor. 2.) = < QþO. SED, 


! 


PROF: w. Tur on. 


If any 
tinued, the wu; 
the two oppoſite internal ones, Euc, I, 32. 


- 
Let 


are. e 1 2 


Let UST 15 Ye 


the Sum 1 or 8 - UST; for 
2 1 TT the < ST 
* UN (y Theor. 2); 40 e E Z T T 
"=" SUT, ad the 4 8T z 
(= STY + Z) = <SUT+UST = 


ren 


F x: : my P v. Tae. 


22. three , eb 4 any recrili ar cos 
ore, ebe two, right Ang 
r FD) x. - . Dx N See 


The Line Filling on atis 62 makes 47. 
the Angles 8 r together equil to 


two right Angles (by Tbeor. 1.).. Alſo the Sum 
of the Angles S and U is equal to the < $T'Z 


e 


| be * 48: 
D parallel the. Sde C, ſo is the & D. 4 
..= the: E ACBH (by Theot, g.): 4 alſo the 
ee GB A; but che 2. DAC 
+ + SG . 1800, or ro right 


Angles 


26 
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F. 6. Angles (by Theor. 1.); and conſequently. the three 


48. 


| Proportional, 
and the Angles ſubtended N og 


Angles ACB + CAB + CBA are equal. to a 
. or 180 Degrees. LED. 


PROP. VI. Tazor. 
The Siges: of fimilar Triangles ave 


fi 


„ ore agony. „ 


47. 
T and AB are 


49. 


In the Triangles STU and ABC: ins Bites 
proportional, as are alſo the 

other Sides: chen it will be as SU: AC:: TU: 
BC; and as ST: AB:: SU: AC; alſo the 
£ T will be equal the 4 B. the E. U = the 
E C, and the E S = the £ 4; and there- 
fore Triangles whoſe Angles are equal, have the 


Sides ſubtending thoſe Angles, wo or * 


tional. 6 Euc. 4. 5. GED. 


\ PROP. VII. T6. ren q 


— right-lined Figure,. commonly 
called a 2 


the Sum of the four Angles is 
equal | to four "gu Angles, or 360 Degrees. - 


Let FGHI be the Figure ziven, through 
which dræw the Diagonal MGj:dividing:the!Tra- 


perium into two As I FG, MiG, each of vhceh 
is equal to two right Angles (by Theor. 5. ). 


Therefore the four Angles of the Quadrangle 


are equal-ro four: 6 


PROP. 
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PROP. VII. Taso Frs. 


The Sum of 4 the Angles of any right-lined 
Figure (though it contain never ſo many Sides,) 
is equal to double the Number of right Angles 
4 four) that. there are Sides in the Figue. 


In the ak} Sita KLMNOP con- 50. 
ſiſting of fix unequal Sides, aſſume a Point Q, 
from which draw Lines O.K, OL, Q. * 
QO, QP, to the Corners K, L., M. 
Err 
(viz. G) as it hath Sides. Each of theſe Triangles 
contains two right Angles (by Theor. 5.); and 
therefore the Number of right Angles contained 
in all the fix Triangles is = 12 (= double the 
Number of the Polygon's Sides); but from theſe 
take four right Angles (= the Sum of all the. 
Angles at Q.) and the Remainder 8 is the Num- 
ber of right Angles equal to the Sum of the An- 
K EN. EEB 


PRO. IX. Taro, 3 
25 3 Triangles, equal Sides ſubtend 
equal Angles (Euc. 1. 5.) The greateſt Side ſub- 
tends the greateſt, Angle (Exc. 1. 19) and the leg 
. 


PROP. xX Tagen. 3 
An Angle in a Semi-circle is a right Angle; 51. 
or if tiuo Lines, as TR ont Sh, 
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Fi d. T and 8 (the End of the Diameter) to R in the 
Circumference, they will form a r ann 
being perpendicular to avch there, . 


51. Through: the Cemer U draw: the ds 
T3; une 
ference, to which draw F R, UR, TR, and 
you will have two Triangles UTR, URS : 

Fhen becauſe UT is = FR Us; therefore 
the Z UTR = E TR, ad 2 URS 
= £ USR, by Theor. 9. Avid bockuſe the” 
_—_— gles of che Triangle TK S are equal to 
right Angles, (Theor r. 5.) aud the £ T = 
ys = che £8 =" LURS, therefore 
Te Sum of the Angles OAT a URS is 
equal the Sum of the Angls T and 8, which is. 
equal to Half the Sem of tre right Angles, 
which i obe right Augie. ä 9 2 


Or ther; - 


51. —— "yy PE 
Angles (Theor. 1.). Alſo the ZUTR+ <URT 
= 4 SUR; and the Angles USR and URS 


are together equal to the Angle I VR (Theor.4.); 
therefore the £ 2613 (= £ USR) +4 UR 


(= 4 UTR) = s dne right Angle. BED. 
ED XL. Ta zen. 


055 and DI the ſame r my 
gre equal : That is, S205 is = TY 


Sect. H. 8 — Faxo xents. 
XY 1 
(A. 2; ad is =" FB (ef. 210 There- 
fore the Triangles C, 22 If 
therefore (which ib a Pert of both Tri- 
angles) be taken away, there will remain VA DC 
and DY Z B, which (by Ax. 3.) are equal. Alſo 
CDB being common to both Parallelograms, 
makes Y XCB = to TZ CB. 2 E. D. 


PROP, XII. FREOR. 


. If. a. Triangle 3 
rallebgram, both, and be between the fame Pa- 
nll; Ae Fhreng is * ts Half Peet 


dale is date. FY is = #2, * 


ben FGIK draw the Di- 53. 


gonal K G, which divides it into two equal Tri- 
angles XF E, GI; for the Side FC is equal 
to the Side TA, and the Side FL is equal to the 
Side & L and KG is'common to both Triangles, 
and - conſequently the Triangles are equal, and 
each equa to Half the Parallelogram. ©, E. D. 


PRO. XIII. TuE OR. 


A hea: the ſame or equal Baſes, © 
an king eter the ſan v Prat ar 
equal. 


3 
Te erident from Theor, 11. that Parallelo- 
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Fi G. the ſame or equal Parallels, are equal to one 
another; and that ſuch Triangles (Theor. 12.) 


are the Half of theſe Parallelograms; therefore 
all ſuch Triangles ſtanding upon the ſame or 


ars (fx, 7.) ogueh BAD... 
PRO XIV. Tao. 
Such Parallelgrams and ant as fand 


upon and between the ſame get are pro. 
portional to their Baſes. 


U 


43 W y- 
ivg between the Parallels EG, LH; then LK: 
KI:: ETC: FI: Alſo in the Triangles 
GI, IG AH, it * as KIT: * ons 


AIGH. Eu.s6. 1. 


' PROD. XV. Turzor. 7 


If a Line be drawn parallel to am Side of 
2 ann 


47. Draw WI parallel to UT, to cut the Sides 
SU and S in W, X; chen SW: $U:: SI: 
ST; draw WT and UX, making the Triangles 
WUT and XTU, which (by Theor. 13.) are 
equal, as alſo are the Triangles UX and 
X/; therefore it will be, as S T: NN:: 
SW: WU; and, as ST: VV (the Tri- 


angles 


-> 


Set. II. GromtThiICaL TyHrxotns. 


angles UWX and T'XW being equal) :: CX: Fre, 


XT; then throw n 


SX. WUX, and. it will be, as 5 : WU 
S. . 2. E. D. K | 


wn PROP. Nb. Taso. 


Vi in 4 any right-angled T Rk a E 
be Tet fall from the right Angle, upen its oppoſite 
or longeſt Side, it will divide the given Triangle 
. 
S 


} 


ute u right-angled "Triang le N. 12 62 54 


the Perpendicular MO; which will divide it into 
two right-angled Triangles PAO, OMN, which 
are alike, (by Theor. 6.). Alſo the Angle P is 
common to both Triangles, i. e. it is common to 
the Triangles PM and Þ MO; alſo, by the 
* Tbeorem, PM N and PMO are alike, 
are allo. PMN and NOM, becauſe the 
Angles % POM.and NOM are right; and fo 
the Triangles POM and NOM are alike (by 
Ax. 1.); and therefore in the Triangles P MN, 
POM, it will always be, as PO: PM:: 
PM: PN: That is, the Square of PM is 
PO x PN. Alſo in the Triangles NO M and 
PMN, as ON: MN :: MN: PN; and 
therefore the Square of MN is = ON x PN. 
2E. D. 
=O". 


PROP. 


GzomsTXCAL TAN. Bock I. 


ed” PROP. XVI. TuxOA. 


5 is e ine Spur of 
the Hypothenuſe (or longeſt Side) i. .to_the 
* 


- , Let SQR be the giyen Triangle. On the 
Hypothenuſe SR \conſtrp8 'n Square,” each Side 
of which all be = N 


i 32 1 
SR is = RT, and therefore NT BR 
= © &f che t3 BY, Which (by the laſt Pheor.) 
0 NN = 1 pf 
which {by the fame Theor.) is = O/ Bit if 
12 Nl be = 
ag O, 'ax Bath been demonſtrated; chen tbe 
Sum of theſe win tas (= 17 FR) will be = 


nk Hy. 9 = the; 2 po lates of 
* . 0 
24 
L | WA \ 
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— 


— 


BO O k. u. 


| MaxeozaTiON of Sornarionns nd? ING | 


ld. * 
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SECT. © Hing nd 


The Uſe of the Tables of Loc ani, as 3 
* of NIE: SINES and Tax nk. 


+ # * * 

— — — uw! — — 
- - * * F F 

EE 1 " . ” . * 


+ a © 


Dexrxrrions, 


- OGARITHMS are a Series of Numben 

which differ among themſelves in arithmetical 

Proportion, as the Numbers they repreſent differ in 
geometrical x 


2. The Index, or Characteriſtic of the Logarithm 
of any integral Number, is always leſs by 1 than the 
Number of Figures the ſaid Integer conſiſts of; as the 
r 1, of- 799. 8.:2,/ of 


parated from the Figures of the Logarichm by a Point 
O much after the Form of a Decimal; as 1 361 728.0 
the Lgarithm of the Number 230. 

F 3. The 
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2. The Characteriſtic of a Decimal, is 
called nequive, and e the Piece the Deſt Grniitner 
Figure of its correſpondent Decimal muſt poſſeſs be- 
low Units; as ſuppoſe the Characteriſtic be 1, the firſt 
ſignificant Figure muſt poſſeſs the firſt Place of Deci. 
mals; if 2, the ſecond Place; 2, the third, &c. Theſe 
Charadteriſtics have a Point before and after them, to 
diſtinguiſh them from affirmative Characteriſtics, and to 
ſhew them to be negative; as 1.7 40363 is the Loga- 
— of *55, and *2* 749363 is the Logarichm of *955, 


4. If the Charateriſtic of 1 be accounted 10 or 
Too, then the Characteriſtic of · i will be or :99, of 
*O1 will be +8 or g, of oon will be 7 or 97, &c. 
So that by thus doing, we obtain affirmative Charac- 
reriſtics to negative tiumbers, though it is neceſſary to 
prefix a Point, to ſignify their being negative. Theſe 
are a ſecond Sort of negative Indices, and are managed 
after a different Manner from the former, ro which 
I give the Preference, and which I ſhall make Uſe of 
in the Sequel of this Work. Thoſe who are deſirous 
of ſeeing the Forms of working by theſe laſt-mentioned 
Charatteriſtics, may conſult Martin's Logarithms.' © 
- The Tables of Logarithms, are the Logarithms 
of all Numbers from 1 to 10000, carefully ſelected 
from the moſt accurate Tables of the ingenious Mr 
H. Sherwin, and abbreviated, and reduced to a com- 
pendious Form, without their Indices. 

6. The Canon of the logarithmic Sines and Tai. 
gents, is a Table of the Logarithms of che natutal 


„ 
5 


- 


ed. 1. Of the Los AAT HMS Nun zs. 35 
Sines and Tangents to every Degree and Minute of the 


t, claſſed in a plain and cbrious * 
as to render their Uſe eaſy. 


PA O3. J. 


To ind the Eee of ary Me nt exceed 
* — | 


Avis 


Find the 1 
lumns of the Table, mutked at Top (N*) and oppolice 


to it, in the adjoining Column is che required Loga- . 
richm, 6 


Exanrie A mnt 
n — — | 
The Logarithm of 48" '— — 681241 


EAM VI E II. 
Given the Nuniber 436; required is Logirihm, 
"ho Lag er qg — — 46 


Mei "If. Pore. of the given Number be « Decimal, 
find the Logarichma for the Whole, to which annex. the 
Index belonging to the integral Part. 


Fa | POB. 
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Þ + +} vp 4 
1 fad the Leite 70 — e 
Figures. 
RU LE. . 


. Seek out the firſt three Figures in ſome of the 

Columns mark'd at Top (N*) and take. out the perma- 
nent Part of the Loegarithm ; then oppoſite to the 
Number laſt found (and in the Column figned by the 
laſt Figure thereof) take out the laſt Figures, which 
annexed to the Figures in the parmanent Part (fifſt 
taken out) makes up the Logarithm ſought, to which 
—_—  — 


ade 


Le = be opus Bad hs Lag for the 
Number 643˙6. bt 1:3 


The Legarithm of 6436 — | — eee 


Pon. UL . 
ro fad the Ea of 6 Nantes | Cite 
„ RI I act; 


Find the 1 8 
Prob. 2. - Mukiply the Difference between this abd 
the next greater Logarithm, | by the remaining Figure 
of the given Number, and from the Product 'cut off 

one 


* 
— — 


Soct. I. 
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one Figure to the right Hand; the remaining Figures 
of the Product added es he Logarithm fri 8 
— 


ExANM TIL x. 
Given the Number 68543, to find its Logarithm. | 


The Log. of the firſt 4 Figures 68540 = 4835944 
The Log. next following is of 68550 = 4936007 


The Diff. of Numb. and Log. 10 63 
| . 1 3 
Add the firſt Logaritbhm — — 4835944 


Sum is the Log. of 685433 — = 4835963 


Pxos. IV. 
To find the / pa n 
SA 5 | 
Rv L K. - 


Find the Logarithm. of the firſt four Figures (by 
Prob. 2.) : Then multiply the Difference between this 
and the next greater Logarithm, by the remaining Fi- 
gure or Figures of the. given Number, and from the 
Product cut off as many Figures on the right Side, 
as you multiplied by; to the remaining Figures of the 
Product add e * 
be the Log of the Number. 


Ex 
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EzA I. | | 
Required the Logarithm of the Number 436583. 


The Log. of 436500 = 5639984, the Log. of 
436600 = 7640084. 


64008 63998 4x8 
| Then 16 ff 639984=5" 64097 


= Log. of 436587, as required, 


ExAM T LE II. | 
Given the Number 5436875, wh in Log. 


The Log. of 5436000 = 3'7 35279, the LS. of 
5437000 = 3735359 _ 
Then LS. 3'735359 Log: 3735279 x875 


—— — + 3.735279 
= 3735349 = Log. of 5436875. 
| P Oo s. V. 2 
To find the W... a Logarithm. 
R v 1. E. 


This is juſt de Reverſe of the foregoing Rule 
for finding the Logarithm for any Number: And 
therefore ſeek in the Table for 2 equal to, 
or the neareſt leſs than the given Logarichw, and if 
you find a Logarithm exaQly the ſame, then che Num- 
ber ' correſponding thereto is. the Number required. 
But if you” cannot find exactly the Logarithm, take 
the Difference between the given Logarithm and the 
next leſs, and to the Remainder annex as many Cy- 


phers 
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phers as you ſeek Figures for, which divide by the 
Difference between the Logarithm next greater and 
next leſs than the given Logarithm, and the Quotient 
annexed to the four firſt Figures will give che com- 
pleat Number. 


EXAMPLE L 


Given the Logarithm 4 835963; to — the Num- 
ber correſponding thereto. 


The Log. next leſs is of 6854 — = 4˙835944 
The given Logarithm — — u= 835963 


Difference _—_ — 2 „ 19 

The Log. next greater is of 6855 = 4836007 
Diff. between greateſt and leaſt Logs. 63 

Then — 3; Which annexed to 6854, make 
68543, che Number required. 


Roawirse II. 


Given the Logarithm 5; · 64007 i; the abſolute Num- 
ber thereto is required. 


The Log. next leſs is of 43659 — = 5639984 
The given Logarithm .— — = 5:640071 
Difference of theſe two Logs. EE 
The next greater Log. is of 4366. : = 5'6q0olly 
Diff. berween greateſt and leaſt Logs. 100 


Then 72 = 871 which annexed to 4365 is = 
436587 = the Number required. Pros. 
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rs VL | For 


To find the Sine, Corſo, * Target, c., Ser 
cant, er da OOTY 


"LPG * 


Tv. Gd he nts e 
Arc: If the given Arc conſiſts of Degrees, or of De- 
grees and Minutes, the logarithmic Sine or Tangent 
thereof is had by Inſpection in the Tables, which are 
too plain to need Explanation. © But if the Arc conſiſts 
of Degrees, Minutes, Seconds, Thirds, &c. take the 
logarithmic Sine of the Degrees and Minutes. giyen, 
and of the next greater by 1 Min. then multiply that 
Difference by the Decimal of rhe intermediate Part of 
a Minute, and add the Product to the Sine or Tangent 
of the given Degrees and Minutes, the Sum will be 
the logarithmic Sine and — of the given Pe- 


trees, Minptes, &c. required. 


| 1 I. 
| Required the Log: Sine of 5* 36 48, 
The Log. Sine of 5* 36 = 8989374, the Log, 
Sine of 5* 37 = 8990660, 48” = o''s. © 


Then 8999660 — . 
P9g0493.= Log * = 2 r= 


E * 
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- Retired the Li Tangent of 5* —46/= 48: 

The Log. Tangent of '5*— 36 = 8991451, the 
Log. Tangent of 5* — 37/ = 8992750, 48'= od. 

Then N 8'991451 x O9 8991451 = 
er Log ut of 5*— 36 — 4. 

Note, N is required, (eſpecially in 
fall Aves) e 
gent of the Arc, and it is no more than finding the 
abſolute Number to the Logarithm given in the Ta- 
bles, by Prob. 5, and then work for the natural Sine 
or Tangent as you did before for the Logarithmic; 
after which find its Logarithm by Prob. 4. See the 
laſt Example e performed by this Method. 

The natural Tangent of 8. —36&. is ' 980507, the 
natural Tangent of 5* — 37' is 983445- 


Then 983445 — 99950 — 2982857 natural Tan- 


gent of 5* — 36 — 487; whoſe Log. (by Prob. 4) is 
992490, and is exactly the fame with that found by 
the firſt Method, though in very ſmall Arcs there will 
be ſome little Variation; to which annex its proper 
Index, and ithe complete Logarithm will be 8:992490 
= the Log. Tang. of 5 36 — 487. 


RU l. =. II. 


| To find the logarithmie Co- ſine and Co-tangent of 
any Arc: Find the log. Sine and log. Tangent of that 
Ares Complement, Gy Rule 1.) which will be the 
1 
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logarithmic Co- ine and Co- tangent. Note, the Com- 
plement of an Arc is what that Arc wants of 90“ or 
a Quadrant. This is ſo plain it needs no Example. 


RuLE III. 


From the double Radius ſubtract the Co- ine of any 
Arc, the Remainder is the log. Secant; alſo the log. 
Secant e „ e is the Co- ſccant, or 


logarithmic Co- ſecant. 
| EXA MTL E I. 
Required the log. Secant of 43* 38. 
90* — 43* 38/ = 46" 22/ = Complement of 43* — 38. 


From the double Radius . 20*000000 
43" rh — My E — 9859601 


The Remainder is the log. Sec. 43*—38 10140399 
Ex AN L E II. 

Required the log. Co- ſecant of 24 — 14 — 

From the double Radius : — — 20000000 


r 613428 
65 45 — 250 — 911 


Remains the log. Co- ſec. of 24*—14'—35! 10 386572 


. Ba JW: 5 
To nd the Complement Arithmetical of @ Logarithm. 
Note, The Complement Arithmetical of a Logarichm 
18 


Seft. I. of Nunnzns. 43 


is the Difference between that Logarithm and the Log, 
of Radius, which is ever 10'00000p. 


RL E. 

Take the Difference between the given Logarithm 
and the log. Radius, the Remainder is the Complement 
Arithmetical of that Logarithm. Or it may be found 
mentally, by taking each Figure's Complement to 9, 
except the firſt, which you muſt take to 10, 


EXAMPLE | 


LI of the Lo- 
garithm 684 3783. | 


From the Log. of Radius — 10000000 
Take the given Log, — — 6843783 


Remainder is the Comp. Arithmet. 5 3156217 


| ExAN TL x II. 
Requiredthe Comp.Arichmer. Log Tang. 19'81 6940, 
From — — — 20:000000 
Subtract the Log. Tangent — 10816940 
Remainder is the Comp. Arithmet. 9183060 


Note, The Comp. Arithmet. of a Tang. Log. is the 
Co-tangent, or of-a Co-tangent the Tangent. Alſo, 
if 10 be added to the Inder of the Arithmetical Com- 
plement of the Logarithm of a Sine or Tangent, it 
will be che Co- ſecant. 


1 SECT 
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e 222 4 * £2 * 4 » POW HOWS FIX 


8E C . 1. 


LoGARITHMETICAL ARITHMETIC. 


* - 
—_ ** 4 1 41 5 CES 1 ASS AA as FT 4 AV TLIT YL 


= — — 


Pxos. VII. . 
2 | 
| RL E 1. | 
HEN the Indices of the Logarithms of the 
Factors are both affirmative, then the Sum of 


theſe Logarithms is the Logarithm of the Product. 


Note, If you carry 10 to „ is _ 
tive. 


R * 


| | | ETON 
Multiply = 34 = 531479 
EE agent nt. _ 


Pran, 884 = = 2946452 


EXAMPLE II. 


Multiply —— 208 = 1:318063 
— — _ 76 = 880814 
Product, 155 22˙198877 
3 E e m Tons 
By  — — oy = 1946452 


_ — 
Product, 41049 720 24613306 
RULE 
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e Route H. 


When the Indices of the Logarithms of the Factors 
are both negative, chen the Sum of their Logarithms 


is the Logarithm of the Product, and the Sum of the 
Indices is alſo ve... * 


Note, If you carry 10 to the Indices, it is affirma- 
tive, and muſt be ſubtracted from their Sum. 


Ex AM I. E I. 


Logarithms. 


8 5 '023 2 239790 
— — 41 ˙ 623249 


* 'OIO05 ='2*021 toy 


E XAMPLE II. 
Multiply 418 =*1*621176 
By — * *18 =*1*255272 
Product, 07524 2.876448 


Ex AM r L E. III. | 
Multiply — —— -0076=*-3'880814 


— — "og l 
Produ, *000684 = 4835056 
RI ound 


When the Indices are the one affirmative and the 
other negative, add the Logarithms together, to which 
Sum annex the Difference of the Indices, which ſhall 
be che Index of the Product, making- ic either affir- 


matĩ ve 
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mative or negative, according to the Affection of the 


greater, 
Nete, If you carry any Thing to the Indices, it is 
affirmative, and muſt be added to the Index afhirmative. 


EXAMPLE I. 


Multiply —_ — 348=2'541579 
— 3 | *64 =*1*Bo6180 


Product, 222˙72 = 2347759 

ExA 7 L E IL 
Multiply — — 648 = 1*811575 
By — — — *007 =*3*'845098 
Product, E 4536 1656673 


Ex AMT L E III. 
e 237 1374748 
— — 1'81 = Oo257679 


Product, 42897 ="1*632427 
Pros. IX. 


Ts divide one Number by another 


RULEZ IL. 
When the Indices of the Logarithms of the Divi- 
dend and Diviſor are both affirmative, ſubtract the 


E of the Uhr age 598 LEE: of che 
Dividend, 
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Dividend, the Remainder is the Log. of the Quotient ; 
and if you borrow 10 from the Indices, it is affirma- 
tive. 


bees I. 


. wy Logarithms. 
Divide —— — 468 = 2670246 
By — — 12 = 1079181 


Quotient, 39 = 1'591065 


ExAM?LE IL 


Divide —— — 144 = 215836: 


By Pn... . — 16 = 1204120 
Quotient, 9 = 0954242 
RuLE IL 


Tf the Indices of the Logarithms of the Dividend 
and Diviſor be both negative, ſubtract the Logarithm 
of the Diviſor from the Logarithm of the Dividend, 
the Remainder is the Logarithm oſ the Quotient; if 
you borrow 10, pay it again to the Index of the Di- 
viſor affirmatively. 


EXAMTLE I. 


Divide — — 48 =*1*681241 
By — — -12="r079181 


Quotient, 4= &'602060 
E x- 


— — — — CAS EEE EEE —— 


48 LoS4S5+THEEGEL. 2 


FEN EN II. 


1 
Divide —— — vat =*3982271 
By — ww SS 


Quotient, 252 6 bor: ad 
RU LE III. 


When the Indices of the Logarithms of the Divi- 
dend and Diviſor are homogenial, and the Index of 
the Diviſor is greater than the Index of the Dividend, 
then ſubtract the Index of the Dividend from the In- 
dex of the Diviſor, and the Remainder ſhall be the 
Index of the Quotient, changing its Sign, viz. if it be 
affirmative make it negative, and if it be negative make 
it affirmative. If you borrow any Thing from the 
OY IO CONE ID INE IEES | 


Ex AMI E I. 


Diridte— — 64=0806r80 
By — — 80190300 


Quotiem, f 2903090 


Ex AM L E II. 


75 2 1875061 
7 — — vors rer 


Quotient, 500 2698970 


RL 
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1 RU LE IV. 

When the Indices are the one affirmative and the 
other negative, ſubtract the Log. of the Diviſor out 
of the Log. of the Dividend ; and changing the Sign 
of the Index of the Diviſor, add them together : fo 
ſhall the Sum be the Index of the t, which 
muſt be of the ſame Kind with the Index of the Di- 


| vidend. 
Ne, If you borrow, pay it again to the Index of 
the Diviſor affirmatively. 
Rzanurete FL 
Logarithmg, 
_ *144="1'158362 
12= 1079181 
012 =*2*07918T 
IL | 
Diels — 64 * 1806180 
By — yro_ *08 =*2*903090 


Quotient, 800 2:903090 
EXAMPLE. * 


By — —— — 2 gogo 


A oog 47903090 
3 PRO R. 
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PA O;. X. 
To work Examples in the Rule of Three. 


Ru. k. 


Subtract the Log. of the firſt Term in the Analogy 
from the Sum of che Logs. of the other two, or add 
the Complement Arithmet. of the Log. of the firſt 
Term to the Sum of the Logs. of the ſecond and 
third ; the Remainder in the firſt Caſe, or the Sum in 
the latter, (one in the ten's Place of the Index of the 
Sum being abated for each Comp.) is the Log. of the 
fourth Term or Anſwer. 


EXAMPLE. 


If cight Yards of Cloth coſt 1 J. 4s. what will 96 
Yards coft ?!—Anſw. 141. 8s. 


Log. of 8 is 0903090 | Or thus: 
Log. of 12 079181 Comp. Log. 8 is 91096910 
Log. of 96 1:982271 | The Log. 112 o079181 
Log. of 1182 e The Log. 96 982271 
Log. of 14'4 - 1158362 | The Log. 14/4 1158362 


After the * Method may all Queſtions belonging 
the Rule of Three be ſolv'd. 


Pros. XI. 
Der ons ey ae Os 


m—_— 
Divide the Difference of ths Logs, of the wo 
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and leaſt Terms by a Number more by one than the 
Number of Means required; then to the Log. of the 
leaſt Term, or from the Log. of the greateſt,” add or 


ſubtract the Quotient continually, the Sums or Re- 
mainders will be the Logs. of the OE ETD re- 


| indir 


| [Lot four mea reed. ebenes 
and 80. 
Log. of 108 — 2033424 


Log. of 8 — 1 9 00 

Divide by 5)0 13033400 6066˙8 
Log. of the leaſt Tem 880 1903090. 
Log. of the firſt Mean 84948 19291568 
Log. of the ſecond ._ - g90'203z 1'955223'6 
Log. of the third 95783 n'9812904 
Log, of the fourth _ | 10170 © © 210073572 
Log. of the greateſt 'Term 108 2033424 


F are as 80: 84˙948 
L : 95783 : © 107 108, 


ExaM?LE IL 


nin a Pare va 16 and 
yy. — — 1924279 


Log. of 16 | 1'204120 
Wet Divide by g)o' 720159 
010800176 


H 2 | Log. 
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Log. of the greateſt Term 84 1924279 
Log. of the eighth Mean 69'865 18442614 
Log. of the ſeventh | $8109 1*764243'8 

Log. of the fixth 48˙3 31 16842262 
Log. of the fifth | 40198. 16042086 
Log. of the fourth  233'434 15241910 
Log. of the third _ 27808 14441734 
Log. of the ſecond _ 23128 1 364155˙8 
Log. of the firſt 19237 T128641382 
Log. of the leaſt Term 16 1*204120 

The Series therefore is this: 


16. 19*237. 23'128. 27 B06. 33 434 40˙ OT 48331, 
58-109, . 84. | 


PRO B. XIII. | 
To ft the Logarithm of a Fulger bear. 


RL A I. 


From the Logarithm of the Numerator take the 
Logarithm of the * the — is the 
Log. of a 105 


Or thus: 


Add the Log. of the Numerator to the Comple- 
ment Arithmetical of the Log. of 8 Cnr 4 
the Sum is the Log. of the Fraction. 


Ex- 


one negative, 
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EXAMPLE L 


What is the Log. of the Trachea 4? 


From the Log. Numerator 3 = 0477121 
SubtraQ the Log. Denominator 4 = &'602060 


There remains the Log. of 3 = 75 2 1787561 
Or thus: 


To the Comp. Arith. Log. Denom. 4 = 9397940 
Add the Log. of the Numerator 23 = 0477121 


The Sum is the Log. of the Fraft. 2 = 1-87 5061 


ExamM?LE II. 
What is the Log. of the Fraction 75 ? 


From the Log. of the Numerator 36 = 556303 
Subtract the Log. of the Denom. 15 = 1*176091 


Remainder is the Log. of 35 = 2 _= 0380211 
Or thus: | 7 
To the Log. Numerator \ 26 = 1.556302 


Add the Comp. Arith. Log. Denom. 15 = 8-82 3909 


. Sum is the Log. of 35 = 22 = 0380211 
By this it appears, that the Index of che Log, of 
an improper Fraction is affirmative, * 


RvLz IL NE 


Rode mix'd Frafions $0 improper ont and then 
— 1 — 
* 
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EXAMPLE. 
What is the Log. of 123 (= 222)? 0 
From the Log. Numerator 101 = 2:004321 
Subtract the Log. Denominator | = 0929419 
Differ. is the Log. of 122 = 1074902 


Note, If the mix'd Fraction conſiſts of large Num- 


bers, it may molt eaſily be reduced by the 12 
by the following 


6 . . 


To the Log. of the Integral. Part add the Log. of 
the Denominator of the Fractional Part; to the Number 
belonging the Sum of the Logs. add the Numerator 
of the Fractional Part, and the Sum is the nnn 
of the Fraction. 


Exam? 1 . 


Reduce 4345 75: 2 10 2 Fraction. 


To the Log, of 4 Integral Part 4345 = 3 A 
Add the Log. of the Denom. 664 = 2835056 


Sum is the Log. of 2971980 | = 6473046 


Numerator add 413 1 858 
Sum —_— 2972023 = the new Nu- 
merator ; therefore 4345 25 2 In like Man- 


ner may any other mix'4 Number be reduced to an 
equivalent Fraction. 
Pzxon, 
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PRO B. XIII. 
To multiply Fulgar Fraftions. 
RU LE I. 


Add the Logs. of the Numerators together, for the 
Log. of a new Numerator, and the Logs. of the De- 
nominators for the Log. of a new Denominator. 


EXAMPLE. 


What is the Product of 28 by 5 ? 


The Logs. of the Numerators ot” T 9 


Sum is the Log. new Numerator 1825 = = 3'261263 


| | 9436 = 2'639487 
| The Logs. of the Denominators ts 2 0903090 


Sum is the Log: ey 3488 = = 4542577 


RULE II. 


If the Product of ſeveral Fraftions be required,'add 
the Logs. of the ſeveral Numerators and the Arith- 
metical Complements of the Logs. of the feyeral De- 
nominators togetber; the Jum is the Log. of the 
© Sl | | E x- 
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bes a 
What is the Product of 57 x3 85 * x2? 


-68 = = 1'832509 
The Logs. of the Numerators j24 = = 1531479 
| | 3 = 00477121 
84 = 8075721 
The Arith. Compl. Logs. Denon) = = 8· 200660 
15839794 
68 6 

Product x- $9766=" 1515430. 

PR O B. XIV. 


| To divide one Vulgar Fraftion by another. 


Rl E. 


Add the Logarithm of the Denominator of the Di- 
viſor to the Logarithm of the Numerator of the 
Dividend; the Sum is the Logarithm of a new Nu- 
merator : Allo the Sum of the Logarithms of the Nu- 
merator of the Diviſor and Denominato of the Divi- 
dend, is the Logarithm of the new Denominator. 


Ex AM P 1. E. 


What is the Quotient 2 by z? 5 


| Logari 1 17 = 845098 
; Ada TY 2 mw . 2. Z 4382.23) 641672 
TheSumintheLog nov Done. — = 4486770 


Sed. II. 
"FIRE 8 = 0:903090 

Add the Logarithms 
% IAB 2546543 
The Sum is the Log. new Numer. 2816 =  3:449633 


wks 20. 16 2816 — 1408 
T ' © 4382 "I 30674 15337” 


Or thus, by Rule 2, Prob. 12. 
; i 8 = 019020900 
The Logarithms 29 
} 352 = 2546543 


| 7 = 9'154902 
The Comp. Arith. Logs. * WA 


ALXITHMETIC. $7 


The Sum is che Log. 3. _ += 091804 =" 2*962863 


PA OR. XV. 
To involve Numbers, integral or fractianal, to any Power. 
RL x. 


n e e of hn Number by the In- 
dex of the Power required; the Product is the Loga- 
rithm of the Power. 


ExXAMTLE I. 
What is the Square of 48? EE 
Multiply the Logarithm of 482 r681241 
By the Index of the Power 2 
TheProd.isthe Log of che Square 2304 3362482 

Pl I Ex- 
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ExAaMPLE II. 
What is the Square of 4'8 ? 
Multiply the Log. of 48 = 0681241 
By the Index of the Power 2 
The Prod. is the Log. of the Square 23:04=1*362482 

EAM I E II. 
What is the Square of 48? 
Multiply the Log. of 48 8 1681241 
By the Index of the Power 2 
The Prod. is the Log. of the Square · 2304 · 1· 362482 

EXAMPLE IV. 


Required the ſeveral Powers of 4 to the ſiæth? 
1. Multiply the Log. of 4 = &'602060 


— 2 


The Prod. is the Log. of the Square 16 = 1204120 


2. Multiply the Log. of 4 = 0:602060 


The Prod. is the Log. of the Cube 64 = 1806180 
3. Multiply the Log. of 4 0602060 

* —_— 
The Prod. is the Log. Biquadrate 256 = 2:408240 
4. Multiply the Log. of 4 = &' 6029060 


3 — — 5 


— 2 


The Prod. is the Surſolid 1024 = 3010300 
5. Multiply 
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——_— 4 = & 602060 


The Prod. is the Cabo-cube 4096 = 3*612360 


ExaMPreLE V. 
Required the 4 Power of 12 ? | 
The Log. of — 12 = 1079181 


Multiplied by $ 


The Prod. is the Log. of ; Power 18612 = &:269795 
| ExaM?L E VI. 
Required the r Power of 16? 
The Logarithm of —— 16 = 1'204120 
Multiplied by | | 
The Prod. is the Log. r Power 371748 =0 501716 
Exam?LE VII. 


T 5 


Required the 65 Power of 3? 
The Logarithm of — = 0 7712 
Multiplied by — — 67 


The Prod. is the Log. of 63 Power 1516˙3j = 3˙1 80807 
ExAaMPLE VIII. 
What is the 4 Power of 0436? 
The Logarithm of 0436 = 2.639487 
Multiplied by — — F 
TheProd.ixtheLog.ofche 2 Power 45695 = 1'65987 1 
2 


Note 
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Nate, When the Index of the Logarithm is negative, 
and cannot be divided by a given Number without a a 
Remainder, a new Index muſt be aſſumed, equal to 
the former, which will admit of an equal Diviſion with- 
out any Remainder: As in the laſt Example, the Index 2 
(being negative) cannot be divided by 4 without a 
Remainder, therefore it is changed to 4 + 2 =*2, and 
ſo the Log. will be (with its new Index annexed to it) 
'4 + 2639487, which divided by 4, quotes the Log. 
1659871. 

PRO B. XVI. 
To extract the Root of any Power. 


Nv:2 © 


Divide the Logarithm of the Power Was Index 
of the Root, the Quotient ſhall be the Log. of the 
Root required. 


ExamMrPLE I. 


What is the Square Root of 2304 ? | 
Divide the Logarithm of 2304 = 3'362482 
By the Index of the Root — 2 


The Quotient is the Log. anne 43 = 7 W072: 
"ExXAMP?PLE/ IL 

What is the Cube Root of 64? 

' Divide the Log. ff —— 64 = 1'$06180 
By the Index of the Root — 32 ñ— 


The Quor. is the Log. Rot 4 8688060 
5 8 Ex- 


Sect. II. AzITHMETIG 6t 
"Exanrts II.. 
What is the ; Root of the Power 18612, &c.? 


The Log. of _ 18612 = 0'269795 
Which divided by the Index of Root : 


= 

The Quor. is the Log. of the 4 Root 12 = 1079181 
ExamM?LE IV. 

What is the 63 Root of 15163, &c.? 


The Log. of — — 15163, &c. = 3180807 
Which divided by the Index " 


The Quot. is the Log. of the 6; Root 3 = 0477121 
ExXAMPLE V. 
| What is the 4 Root of · 45 695, Kc. f 


The Log. of —— 45695, Ke. n x 


Thr bay FOCI 086 2 7639457 


SECT. III. 
The Coxsrxucr ion and Uss o the LoctsTicaL 
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proved by Mr Thomas Street, who in his Aftronomia 
Carolina hath compiled a much more convenient Form 
of Logiſtical Logarithms than thoſe of Shakerly. 

Theſe Sort of Logarithms are principally uſed in 
Aſtronomical Calculations, in working Proportions of 
Degrees, Minutes, and Seconds, but more eſpecially 
of Minutes and Seconds. They may be alſo applied 
to finding the Proportional Parts of the Logarithms of 
Artificial Sines, Tangents, and Secants. 


PR OB. XVII. 


To find the Logiſtical Logarithm for any Number of De- 
grees, Minutes and Seconds, in Shakerly's Form. 


Ru TL k. 


From the Logarithm of the given Degrees, Minutes, 
and Seconds, (reduced to Seconds) ſubrratt the conſtant 
Logarithm 3 · 55 6302 (= Log. of 1 or 60/ or 36000; 
the Remainder will be the Logiſtical Logarithm of 
thoſe Degrees, Min. &c. + 

The Reaſon of the above Rule is eaſily accounted 


for : For ſuppoſing dhe © $66 Taal 4 — 45! 
% 23“: 3 — 30 5753 now reducing theſe to 
Seconds, it will be as 3600 285“: 26637: 2107 
| 227 ; wherefore it is evident that theſe Proportions may 
be wrought by the common Logarithms, by ſubtraft- 
ing the Log. of the firſt Term from the Sum of the 
Logs. of the ſecond and third, the ' Remainder is the 

Log. 
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Log. of the fourth Term; or otherwiſe, uſe the Com- 
plement Arithmetical of the firſt Term, and then the 
Whole may be added. 


Now to ſhorten the Work, let the following Pro- 
portion, according to Shakerlys Form, be made Uſe 
of, which by the Logarithms is thus: 


As the Logarithm of 36007 = 3556302 
To the Logarithm of 285” = 2:454845 
So is the Log. of Radius 100000, &c. 109090000 
To the Log. of *079166, &c. = *8898 543 


By the Nature of Proportion it is evident, that the 
rwo laſt Terms have the ſame Proportion one to the 
other as the two firſt, and likewiſe the ſame Proper. 
ties, and conſequently will in every Reſpect where Pro- 
portion is concerned, equally anfwer the ſame Purpoſes 
as the rwo firſt; and therefore the Logarithms of the 
two laſt may be put to repreſent the Logarithms of 
the two firſt Terms; that is, the Log. of Radius 
10*000000 is reputed the Logiſtical Logarithm of 
2600! (= 1*) and the Log. -8:898543 is the Logiſtical 
Logarithm of 285” (= 4 — 45”). And therefore it 
is plain, that the Logiſtical Logarithm of any Number 
of Degrees, Minutes, and Seconds may be found, by 
ſubtracting the conſtant Log. 3'55 6302 (= Log. of 1* 
in Seconds) from the Log. of the given Degrees, Mi- 
nutes, and Seconds (reduc'd to Seconds); the Re- 
mainder will be the Logiſtical Log. thereof, 


Ex- 
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EXAMPLE I. 


Required the Logiſtical Logarithm of 53 — 217, 
From the Log. of 53 — 21/ = 3201! 3.505286 
Take the Log. of 1* = 6 = 3600! = 37556302 


r S 


Rem. is the Logiſt. Log. 53 —2 1! = 32019 948984 
; ExAMPLE II. | 


Required the Logiſt. Log. of 3* — 100. 


From the Log. of 3*— 10/ — of = 11400!=4 056905 
Subt. the Log. of 1* — of — of = 3600= 31556302 


3 


After this Method you may eafily find che Logiſti- 
cal Log. for any Degr. Min. and Sec. in Shaterly's 
Form, and it is thus he hath compiled his Table. 


Theſe Logarithms will ſerve equally as well in the 
Calculation of Time as Motion, as 60/ or 3600! are 
equal to one Hour, as well as one Degree. 


Theſe Logiſtical Logarithms of Mr Shakerly con- 
ſiſting of a great many Places of Figures throughout 
the whole Table, gave Occaſion to Mr Street to con- 
trive a much more convenient and compendious Form 
of thee Lichen. 


Pxos. 
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PA O B. XVIII. 


To find the Logiſtical Logarithm for any Number of De- 
 grees, Minutes and Seconds, in Street's Form. 


RuLE. 


Reduce the given Degrees, Minutes and Seconds 
into Seconds; ſubtra the common Logarithm of theſe 
Seconds from the conſtant common Logarithm 3556302 
(viz. the Log. of 1* or 36007) the Remainder is the 


Logiſtical Logarithm required. 


The Reaſon of this Rule is evidently demonſtrated 


thus: Suppoſe any Proportion in Sexageſimal Numbers, 
as that before made Uſe of in the laſt Prob. viz. as 


3600! : 2857: : 2663”: 2100 22, and according to 
Mr Street's Method, let the two firſt Terms of the 
Analogy be inverted, then it will be as 285 © 3600” 
: Unity : a fourth Number, whoſe is the 
Logiſtical Logarithm of the firſt Term 285/, as alſo 
is the Logarithm of Unity the Logiſtical Logarithm 
of the ſecond Term 36007. See the Work at large 
by the Logarithms. | 

As the Log. of 4' 45! = 285! = 2454845 

To the Log. of 1* 600 = 36007 = 31556302 
So is the Log. of Unity — 0'000000 


To the Logiſt. Log. of 4/ 45! = 285' = 1101457 
T From 
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From the above Analogy it is apparent, that the Lo- 
giſtical Logarithm for any Number of Seconds is ob- 
rained, by ſubtrafting the common Logarithm of thoſe 
Seconds from the conſtant common Logarithm of 
— the — is the — Logarithm 


But if the Logiſtical Logarithm be required for any 
Number of Seconds greater than 36007; then ſubtract 
the common Logarithm of 3600” from the common 
Logarithm of the given Seconds; the Remainder is 
the Logiſtical Logarithm of thoſe Seconds. And thus 
may a Table of theſe Logiſtical Logarithms be con- 
tinued to any Length; as that in Vol. 2. of Mr Lead- 
W IOR which is extended 
to 2 Degrecs, or 120 Minutes. 


From the above a a. os 
= greater the Number of Seconds is, the leſs will 


be its Logiſtical Logarithm, till it arrive at 3600", 
whoſe Wy, geh Logarithm will be nothing. 


Examerts I. 
Required the Logiſtical Logarichm of 5 z 210%. 


From the Logarithm of 36007 = 3556302 
Subtract the Log. of 53“ 214 = 3201 = 3'505286 


| Remains Logiſt Log, of 53/ 21/=3201/= 51016 
E x- 
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ExameLte II. 
Required the Logiſtical Logarithm of 104/ 36. 


From the Log. of 104/ 36 = 6276 = 3.797663 
Take the conſtant Log. of 3600 = 3.55 6302 
Remains the Logiſt. Log. of 104' 36 = 241381 
Nete, In forming theſe Logarithms it is to be ob- 
ſerved, that the Index is never ſeparated from the Lo- 
garithm by a Point, as is the Caſe in the common Lo- 
is accounted as one complete Logiſtical Logarithm. 
Alſo in Tables of theſe Sort of Logarithms, two Places 
of Figures are cut off on the right Hand of the Loga- 
e 
lating thereto. 


The Table of Logiſtical Logarichms inſerted at the 
End of the Tables of ic Sines and Tangents, 


I have continued to 60/ or 1*, that being ſufficient 
for any Purpoſe thereof. 


As to the Form of the Table, that is very eaſy to 
underſtand, being conſtructed upon the ſame Model with 
that of the Sines and Tangents, The firſt Column 
contains Degrees or Minntes, or Minutes and Seconds 
by Way of Tens, having the nine Digits running along 
in a Column on the Top, under which, in the ſeveral 
Columns, are the Logiſtical Logarithms abbreviated. 
The laſt Column contains the Numbers of the firſt 
reoigedl 20 inane or Somntda, which. are to'be com- 

K 2 pleated 
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pleated by the Digits on the Top of the Table; and 
which are to be referr'd to, in finding the Logiſtical 
Logarithm for any Integral Number. 

This Table will likewiſe ſerve in the tation 
of Time as well as Motion, by Means of the Table 
at the End thereof, which gives by Inſpection the 
Hours and Minutes correſponding to any Parts of Mo- 
tion, and vice verſa. Thus againſt 12 Min. in Time 
is 30 Min. in Motion; againſt 4b 23“ in Time is 107 
oo To 58/ = 1@* 58 in Motion; alſo againſt 55 
43/ in Motion 22h + 17/ = 22b 17 in Time, &c. 

The Method of conſtrufting Logiſtical Logarithms 
being plainly and clearly demonſtrated, it remains now 
to ſhew their Uſe in Practical Aſtronomy, in which 
they are chiefly concerned. dans. boon 
will make all plain. 

ExAMTLE III. 

Suppoſe the Sun's mean Anomaly be 5* 10* 33/ and 
467%; what is the true Equation and Logarithm of his 
Diſtance from the Earth ? 
==" 1 4 34 489 
nomalies 0 


5 11 5 tions 38 37 38 4993099 

Differen. o i=6f 1 57 46 
Then for the Proportional Parts of the Equation: 

Wa 5 beak 5 

I 57 14887 

33 46 = 2497 

i 6 = 19378 


Then 
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Then o* 400 347 — / & (becauſe the Equation 
is decreaſing) = o* 39/ 287 = the true Equation re- 


To the Proportional Part —— 26 = 21432 


Then 4993053 26 (becauſe the Logarithm is 
decreaſing) = 4993027 = the true Logarithm of the 
Sun's Diſtance from the Earth, as required. 


The Uſe of theſe Logarichms might be further 
ſhewn, in working Proportions relating to other Par- 
ticulars in Practical Arithmetic ; but as theſe are foreign 


to our preſent Purpoſe, I ſhall paſs them by, and pro- 
ceed to apply the Logiſtical Logarithms to the finding 
the common Lagarithms of fuch Numbers as exceed 
the Verge of the Tables, as alſo the Logarithmie Sine, 
Tangent, &c. for any Number of Degrees, Minutes, 
Seconds, &c. and vice verſa. 


| EXJANMTLE IV. 
Required the common Logarithm of 6438764. 
| 8oo ; 68087 
| Numbers 4396 %] Logarithms J 68585186 
Differ. 1000 


7 
Then 
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Then ſay, fe 
As Differ. Numbers I000 = 5563 


To Differ. Logarithms —— 67 = 17302 
So Number — 764 673: 


24034 


To the Proportional Part 81 = 171 
Then 6808751 + 51 = 6808802 = the complete 
Log. of 6438764, as required. 


ExXAM?LE V. 


Required the correſpondent Number to the common 
Logarithm &808802. 


Given Log. — — 6808802 
Log. next leſs is of 6438000 = 6808751 


| Differ. of the Logs, —— — 51 
The Log. next leſs is of 6438000 = 6808751 
The Log. next greater is of 6439000 = 6808818 


Differences — 1000 *" 67 
Then ſay, 

As Diff. leſſer and greater Logs 67 = 17302 

To Diff. their correſpondent Numb. 1000 = 5563 

So Diff. given Log. and the next leſs 51 = 18471 


—ͤ — 


| 24034 
To the Proportional Part 764 = 6732 
Which 
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Which being annexed to the four Figures 6438 
before found, will be = 6438764 = the true Number 
belonging the given Logarithm. 


Ex ANY L E VI. 
Required the Log. Sine of 24* 487 51435 


Sine of $74" wel garitl — 


24 49 9622956 
Differ. 0 1= 607 274 
T ben to find the Proportional Part of the Log. for 
the 517 43”, it will be by the Logiſt. Logarithms, 
As 1 Minute, or — 607 00 = 0 
To Differ. of the Logarithms 274 = 11186 
—— — — 0 — 


To the Propor. Part of the Log. 23611831 
Then 9˙622682 + 2362 622918 = the Log. Sine 
of 24 48' 517 43%. 
EAM ILE VII. * 
Given the Log. Sine 9622918, to find the Arc. 


The given Log. Sine is 9622918 
The Lo Une nam Has is of 24* rad. 


Difference — — 236 
Next greater Log. Sine is of 24 49 9 2 2956 


Difference greater and leſs Logs. o 1 = 60 174 
Sp fs Then 


rithms, it is neceſſary to reduce Numbers of lower Be. 
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Then 
As Diff. greater and leſs Logs. 274 = 11186 
To 1 Minute, err 607 = o 


So Diff. given Log. and the next leſs 236 = 11831 


To the Proportional Part —— $514 437” = 645 
Which added to 24* 48/ (firſt found) the Sam 24 
48 517 43% is the Quantity of the Arc. 


—_— _ — _ — ——_—. 


SECT. IV. 


DuopEciMal AMTHMETIC, performed Numerically 


Pxos. XIX. 
To multiply Duodecimal Numbers together. 


RU L E I. 


EET multiplied by Feet give Feet. 

F Feet multiplied by Inches give Inches. 
Feet multiplied by Seconds give Seconds. 
Inches multiplied by Inches give Seconds. 
Inches multiplied by Seconds give Thirds. 
Seconds multiplied by Seconds give Fourths, &c. 


Nete, To work Examples of this Kind by the Los- 


nominations than Feet, to the Decimal Part thereof; and 
therefore 


Sed. IV. 


ARITHMETIC. 


therefore to avoid the Trouble of reducing, I have 


ſubjoined the following Table, which gives by Inſpec- 
tion the Decimal of any Number of Primes, Seconds, 


and Thirds, a Foot being the Integer. 
The Duodecimal Table. 
Duod 2 
cimals. primes ( | Seconds' Thirds“ 
1 (08333306944 0078 
2 166666013888 001157 
3 020833 001736 
1 422 "027777 hoo 94 
5 416666034722 002893 
3 041666 003472 
7 583333 0048611 004051 
8 666666 |*055555 004629 
89 {78 "0625 [*005208-| 
10 833333 069444 o05787 
IT 916666076388 0086365 


282 


ET AMTHLE I. 


Multiply 77 5 by 4f & 986 3/ by 64 8“. 
1. Numerically. 
Tt 5/ Bf 37 
4 6 6 8 
29 8 49 6 
3860 5 6 
33 4 T 


73 


2. Lo- 
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2. Logarithmically. 


Add 0 The Log. of 5f 5/ = 74166 = 870205 
The Log. of 4 6 = 45 = 0653212 


The Sum is. the Log. of 33375 = 1523417 


The Log. of & / = &25 = og16454 
. "The Log, & 6 8 = 66666 = 823904 


The Sum is the Log. of 55 =1740358 


ExamMPeL E II. 
Multiply 10f 11/ 34 5% by 5 7 478%. 
1. Numerically. 


10 1 3 of 


The Log. of 10of 11/ 3! 57 = 109940 = 1˙039017 
The Log. of 5 7 4 8 = 56157 = 0749404 


The Sum is the Log. of 643 5 = 1788421 
Nete, 
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Note, If the Number of Feet in one or both of the 
Factors happen to be large, inſtead of multiplying by 
the Inches, Seconds, &c. take Parts and work there. 
with, as in the Rule of Pradice. 


ExAamM?eLte III, IV. 


* 


Muliply 68* 4 84 7 
By 469 88 10 
3128 © 48720 
4185 15 4 618+ 29 © 
. ˖ "A 
3—1 17 1 6—z 42 36 
— — a 28 
__ 80 
4976 3 0 


Logarithmically. 
68* 4/ = 68:333 = 1834630 
46 9 224675 = 1669782 
The Sum is the Log. of 3194'58 = 3504412 


The Log. of 8 7 = 84583 = 1927283 
The Log. of 58 10 = 58'833 = 15769621 


The Sum is the Log. of 497632 = 31696904 


L 2 RvLs 
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RU LE IL 
If Yards' be introduced into the Queſtion, the 
Work is the ſame as before, only when you are work- 
ing with the Yards and Feet you muſt have Reſpect 
to Threes inſtead of Twelves, becauſe three Feet are 
(in this Reſpect) to be reckoned equal to one Yard. 


ExaMPLE V, VI. 


Multiply 3y 2* 4 439 1* 8 
W-- 24-83 6 2 5 
„ 261 1 © 
tun; tos sf rrnjw4r67 
3—z 0 o 11 4 I—z7 141 6 8 
— gy 
90 4 8 1— 4 10768 
296 1314 


The Log. of 37 2742 $7777 = 6571227 
The Log. of 2 1 3 = 2:4166= &383205 


The Sum is the Log. of 9 1292 = 0960432 


The Log. of 43 1 8 = 437555 = 11649038 
'The Log. of 6 2 5 68055 = 832860 


The Sum is the Log. of 29641 = 2*471890 
| E x- 
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Ex aur VII, vm. 


Multiply 96 15 & 647 20 of 
By 48 2 8 36 1 4 

4608 o © 2304 © 0 
1 is 3 1600 2 is 1 24 © © 
6— 4 Boo 1—1 2118 
1— 1 32 0 6 4— 1 706 87 
1— 1 32 06 N 3 
421 209 © 2356 2 2 8 
4121 1088 

q117 24 

Logarithmically. 


'The Log. of 967 1'& =g965 = 1984527 
The Log. of 48 2 8 = 48-888 = 1689202 


The Sum is the Log. of 4717'7 = 31673729 


The Log. of 647 2' & = 64666 = 1·8 10676 
The Log. of 36 1 4 236444 = 1561626 


The Sum is the Log. of 23566, &c. = 31372302 
5 o B. XX. 
To divide Duodecimal Numbers one by another. 


RL x. 
If the Dividend and Diviſor be both compound 
à—— TAIT by 
| c 
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the Logarithms, for otherwiſe the Numbers muſt be 
reduced into their leaſt Terms; after which divide as 
in Diviſion of ſmple Integers : But if the Diviſor be a 
ſimple Number, then divide your compound Dividend 
thereby, according to the Method of Compound Di- 
viſion of Integers. A few Examples will clear up all, 


EXAMPLE I. 
What is the Quote of 4673“ 87 by 8? 
I. By natural Numbers. 


9)46 30 87 
5 95 & the Quotient, 
2. By the Logarithms. 
From the Log. of 46' 3/ 8' = 46305 = 11665628 | 
Subtra& the Log. of 8 = 01903090 
Remains the Quote 5*7881 = 0'762538 


ExAMPLE II. 
Divide 144 7“ by 3 8 10, 


By the Logarithms. 
From the Log. of 14' 4/ 7! = 14333 = 1156337 
Take the Log. of 3 8 10 = 957361 = 0572418 
Remainder is the Quotient = 3'8363 = 0583919 
| E x- 
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EXTAMP LE III. 
What is the Quote of 8/ 37 by 31 & 40%. 


By the Logarithms. 

From the Log. of 8/ 3' = 6875 =*1'837273 
Subtract the Log. of 30 & 47 = 315277 = 0547492 
Remains the Log. Quote 0019488 = -2:289781 


Pxos. XXI. 
To involve Duodecimals to any Power. 


RuL E. 


To perform this by natural Numbers is a moſt 
laborious and troubleſome Piece of Work; I ſhall there- 
fore omit that, and proceed to ſhew bow complerely 
Duodecimals may be involved by the Logarithms, and 
which is wholly effected by the Rule in Prob. 15. 


ExAmM?LE I. 
Involve 8 4/ 69 7 to the Square or 2d Power. 


The Log. of 8 / 6. 75 = $3790 0923192 
Multiplied by the Index of the Power 2 


The Product is the Log. of 


70208 = 7846384 
Ex- 
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ExAMe?PLE II. 
Involve 213“ 8” 5% to the Cube or third Power. 
The Log. of 2' 2/8 5% = 2 3084 = 63311 
Multiply by the 4 of the Power 3 
The Prod. is the Log. of the Cube 1 2:301 = 1089933 
Then 12:301 = 1213“ 55 4” the required Cube. 


| PRO. XXII. 
n 


RU L k. 


This is beſt performed by the Logaridums, according 
to the Rule in Prob. 16. 


Ex AMP IL E I. 
What is the Square Root of 70 2 5 114 —- ? 
The Log. of 7002 57 11“ — = 70-208 = 11846384 
Which divide by the Index 2 
The Quote is the Log, of theRoot #379 = 0923192 
Then 8:379 = 8467 % the required Root. 


EXAMTIL I II. 
Required the Cube Root of 12307747 


The Log. of 12 3“ 49 —= 127301 = rro8gg33 
Which divided by py 3 


The Quote is the Log. = 2:3084 = 0363311 
Then 2:3084 23 8 5® che Root ſought. 
SECT. 
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SECT. v. 


MENSUR ATION of SUPERFICIES, 


PA O B. XXIII. 


To meofure a Square. 
RU LE I. 
ULTIPLY the Side into itſelf, and the Pro- 
duct is the Area of the ſame Name with the 
Dimenſions. 


Now ſuppoſe a = BCE=CD = BI=DI. Then 
a X 4 2 24 = = Area CD.. (Fis. 29.) 


ExAMPLE 1. 


Suppoſe the Side of a Square be 12 Feet 6 Inches, 
required the Area thereof. 


I. Arithmetically. | 
t2'5 X 125 = 15625 = the Area. 
Or thus: 
i2* 61 
12 6 
156 r the Abel as above 


2. Lo. 
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2. Logarithmically. 
The Log. of the Side 127 6 12'5 = 1*96910 


The Prod. is the Log. of theArea 15625 = 2'193820 
3. By the Sliding Rule. 


1 A 3 | 
As'i : 1454: : 22'5 7 15625 the Area. 


Rvnrxz IL 


When the Area is in ſquare Links, to bring theſe 
into Acres divide them by 100000 (= the ſquare Links 
in an Acre) which is only cutting off 5 Places of 
Figures on the left Hand, and the remaining Figutes 
on the right will be Acres, and. thoſe cut off Decimal 
Parts of an Acre, whoſe Value fiad by multiplying them 
by 4 and 4o, for the Roods and Poles. 
Or thus, which is better: 
When the Side of the Square is given in Links, mul- 
tiply the Double of the Side by the Side, ſo is the 
Product the double Area, in which make a Point be- 
rween the 4th and 5th, and 5th and 6th Places of 
Figures from the right Hand towards the left; then 
Half the Sum cut off on the left Hand of the laſt Point 
will be Acres, and the Remainder (if any] will be 
two Roods or Half an Acre; then obſerve, if the 
Figure betwecn the Points be 5:or above, ſubtract 5 


from it, which muſt be. called 2 Rood more, and the 
Re. 
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Remainder (if any) multiply by 8 (taking Care to carry 
to the Product the Increaſe from the Figures firſt 
cut off) is the Poles. Then to know the Value of 
the four Figures firſt cut off, multiply them by 8, ſo 
ſhall the Product (the Increaſe being carried forward, 
as before directed) be the Decimal Part of a Pole. 
Note, The latter Part of this Rule can only be 
applied, when the firſt Product or double Area is in 
ſquare Links, and then it is preferable to the firſt 


Method. 
EXTAMPLE II. 


| Suppoſe the Side of a ſquare Field = 8 Chains 64 
Links (= 864 Links); how many Acres are contained 
2» , 


therein * 
1. Arithmetically. 


864 x 864 = 746496, which properly reduced is 7 
Acres, 1 Rood, 34393 60 Poles, according to the firſt 
Part of the Rule. 


Then 864 x 2 x 864 = 1492992 Links, which 
reduced according to the latter Part of the ſame Rule, 


will be = 7 Acres, 1 Rood, 343936 Poles, the ſam 
as before. 1 | 


- * 


— 3661 

— — 2 

Product is the Log. of 746496 8873028 
The Log. of 100000 ſubtract 5*000000 


Remains the Log, of 746496 Acres "0873028 
M 2 | Zo By 
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3- By the Sliding Rule. 


8 8 
As 10 : 8˙64 :: 864 : 746, &c. Acres. 


PRO B. XXIV. 


To meaſure a Parallelogram. 
4 5 op © 


Multiply the Length and Breadth together, and 


the Product is the Area. 
Suppoſe a = CD, and b = =DE; then a x b=ab= 


the Area of the Parallelogram CDEF. (Fis. 50.) 


ExAaM?LE I. 


Suppoſe a Board 18 Feet 4 Inches long and 2 Feet 
9 Inches broad; how many ſquare or ſuperficial Feet 


are therein ? 
1. Arithmetically. 
1833, &c. x 2:66, &. = 487578 Feet the Area. 


Or thus: 
187 41 x 21 81 = 48 1ci & the Area. 
2. Logarithmically. 
The Log. of — — 18:33 = 1˙263162 
The Log. of — — 266 = 1424882 


The Sum is the Log. of 487578 = 2688044 
Then 48*75738= 48' 101 8p the ſame as above. 5 
e 3: By 
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3. By the Sliding Rule. 
3 A -.B 
As 1: 18:33: : 2:66: 48:75, &c. the Area. 


RU LE II. 


Multiply the Length in Feet by the Breadth in 


Inches, or the Breadth in Feet by the Length in Inches, 
the Product divided by 12 is the Area in Feet. 


ExAMeLE II. 
Suppoſe a Board 15 Feet 6 Inches long, and 94 
Inches broad, how many Feet are therein ? 

1. Arithmetically. 
L17948 + Feet the Area, 

Or thus: 

157 6 x ot, 9 2Þ = 11* 111 4p & the Area. 

2. Logarichmically. 
The Log. of 15 Feet, 6 Inches, = 15:5 = 11190332 


The Log. of 54 Inches =9'25 = 0966142 
The Comp. Arith. of the Log. of = 120 = 8920819 


Sum is the Log. of 11948 +, = 1077293 . 
3. By the Sliding Rule. 


A £ A B 
. 15 ;: 9'25 2 174, c. Feet. 


RuLte 
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Ru LE III. 
Multiply the Length in Inches by the Breadth in 
Inches, and divide the Product by 144 for Feet. 
Ex AMP L E III. 


Suppoſe a Window 68 Inches long, and 38; high, 
how many Feet of Glaſs are therein? 


1. Arithmerically. 
687 x 384 


= 18 =>. Feet, the Area. 
144 128 
2. Logarithmically. 
Log. of the Length 683 = 1'825691 
Log. of the Breadth 384 = 1582631 
Comp. Arithmet. of 144 = 7˙841638 
The Sum is the Log, of theArea = 18 _ 12599 60 


By the Sliding Rule. 
A B 3 
As 144 ; 68: : : 38: 185 nearly, the Area. 
Px OB. XXV. 


To find the Length or Breadth of a Parallelogram,. "Fa 
ing the Area and Breadth, or " the Area and Length 
reſpectively given. | 

RI. E . ff 
Wy be Ares divided by the Breadth gives the Length. 
Then 


Then ſuppoſe x = the Area, b = the Breadth, and 
2 = the Length; ben ia 5 a = the Length, 


E XAML E I. 
Snppoſe the Breadth of a Board = 9 Inches, and 


the Area = 11·948, &c. ſquare Feet; required the 
Length in Feet. 


1. Arithmetically. 


11.948 
570% 1515 Feet, 6 Inch. = Length. 


2. Logarithmically. 


The Log. of the Area = 11948 = 1077292 
The Log. of theBreadth gi Inches =*77083 = 1 886961 


Rem. is the Log. of the Lengrh 155 = 1190332 


3- 'By the Sliding Rule. 


A ö 
As 0'77, &c. : 1 :: 11948: 15'S the Length. 
* R LE 23 


1. 


ee el is the Breadth. 
For put x = the Area, @ = the I. gth, and þ = 


the Breadth; then is - = b = the Breadth. | 
| io 1 E x- 
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ExamMe?eLl et II. 
Suppoſe a Field 11 Chains, 46 Links long, what 

e wk bs wikis 6s hs 55 Ares 

1. Arithmetically. 
2 = 21815 Links, = 2 Chains, 18:15 Links 
the required Breadth, 

2. Logarithmically. 


24 Acres = 254 = 1'397940 
n. 2 t· 59185 


Remainder is the Log. of = 2˙1815 = 0338755 


F | 
As 11'46 : 1 : : 25 © 2:18 Chains the Breadth. 


 PxoOB. XXVI. 
To meaſure a Rhombus. Oo 


Sv ih 


| Multiply the Length of one of its Sides by the 
Perpendicular ler fall from the obtuſe Angle upon the 
oppoſite Side, and the Produkt is the Area. | 


For making BC (= CD=DE=£EB).= 4, and 
Re e BY = 3; then will ox Y ab = 


the Area of BC DE. (Fis. 11.) E x6 
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EXAMPLE. 


Suppoſe the Side of a Rhombus = 12 Yards, 1 
Foot, and 3 Inches, and the perpendicular Breadth = 
4 Yards, 2 Feet, 7 Inches, how many Yards are therein? 


1. Arithmetically. 
12 Yards, 1 Foot, 3 Inches, = 12:4166, &c. Yards; 
alſo 4 Yards, 2 Feet, 7 Inches, = 48611, &c. Yards. 


Then 12:4166 x 48611 = 6035833426 Yards the 
Area. 


Or thus : 
127 17 3i x 4 2f 5 = 6oy If of 118 the Area, 
2. Logarithmically. 
12416 Is = 11093982 
The Lag. 4785 I 1s = 0686734 


Sum is the Log. of 6035, &c. Yds. =1:780716 
3- By the Sliding Rule. 

. B 

A 1 : 12416: : 48611 : 6035 Yards, the ſame 

as above. = 


Px OB. XXVII. 

To meaſure a Rhomboides, or an oblique-angled Paral- 

lelogram. 
Ru LE. 

Multiply one of its longeſt Sides by the Perpendi- 

Wo N | cular 
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cular let fall ſrom one of the obtuſe Angles, and the 
Produt is the Area thereof. 


For put 8 = AB (= CD) and b= AE, then a * 
b = ab = the Area, (Fils. 12.) 


EXAMPLE 


Given the longeſt Side of a Rhomboides = 14 
Chains, 35 Links, and the perpendicular Breadth = 
6 Ch. 66 Links, how many Acres are therein? 


1. Arithmetically. 


1435 * 666 = 95571 Acres, 9 Acres, 2 Roods, 
9136 Poles, = the Area. 


2. Logarithmically. 


. 1435 Chains = 1156852 
n of} 6:66 Chains = 0823474 
The Comp. Arith. Log. 10 Chains = g'o00000 


The Sum is the Log. of 9'5571 Acres = 98032 6 
3. By the Sliding Rule. 

1 A B | 

As 10: 1435 :: 666: 9'55, &c. Acres. 

PrxoB. XXVIII. | 

To meaſure a plain Triangle. 
RuLe I. 

Multiply Half the Baſe by the whole Perpendicular, 


or Half the Perpendicular by the whole Baſe, or 
multiply 


Set. V. Of SUPFERFICIES. 91 


multiply the Baſe and Perpendicular together, and 
take Half the Product; any of theſe will be the Area. 


Put a = AB and ö BC; then 4Zaxb=4bxa 
Area of the Triangle ABC. (FIG. 5.) 


a 
ExXAMPLE I. 


Given the Baſe of a Triangle 15 Feet 4 Inches, 
and the Perpendicular = 8 Feet 10 Inches, required 
the Area. 

1. Arithmetically. 
8 10i 
2 


8-83t 
X 1574. 


f.3 RS : 
* Bf 101 = — * 8.8371 = 


fi —_ 7; 
* 15˙33t7 3 810115 33 * 8˙83 = 67'6819f = 


2 2 
the Area = 67f 81 8 = the Area of the Triangle, 
2. Logarithmically. 


Half the Baſe = 767 = 0884795 
The Log. of me Perpendic. = 883 = 0945961 


The Sum is the Log. of 677 += 1830756 


2. By the Sliding Rule. 
1 B 
As 1: 767: : 883 : 677 nearly = the Area of 
the Triangle. 


R Ul. k 
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RU LE IL 


From the Half- ſum of the three Sides ſubtract each 
Side ſeverally; the Square Root of the Product of the 
Half-ſum and three Remainders is the Arca. 


Let a = AB, b= BC, ande= AC, (Fs. 60 
Then 1 — a = 1ſt Remainder; — 1 
= 24 Remainder; and A4. c= 3d a 


Bu —— —4:X: bel. -c: * 


b — — ah 
o+b+c_ +c 22 b+c, «+6 2 
2 5 2 2 2 2 


_b+c—a:X:a—b+c:X:atb—c:tX: a+b+c: 

= 2X2X2X2 = 16 4 

whoſe ſquare Root 

Arent Nr. 
2 X 2 X 2 X 2 16 

= the Area of the Triangle 4 BC. 


ExAMPLE II. 
Suppoſe one Side of a Triangle = 460 Links, ano- 


ther Side = 648, and the third = 850; required the 
Area thereof in Acres. 


1. Arithmetically. 


. +850 280 F ref — 850 
; 2 


—648 


— 460 X ——— 


% 
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\ 4601 + SE + 850 — $50 x 460 F 6 — 


7 648 +850—460,, , 460 — — ee 850 


2 
MAKIN, e 6 


721695404599 = 147293 ſquare Links = 1 Acre, 
1 Rood, 35,66880 Poles the Arca. 


2. Logarithmically. 
5 Remainder 519 5 ˙ = &'715167 


The Log.] 2d 331 = 3'31 = &'5 19828 
of the ] 3d 129 = 1'29 = &'110590 
CHalf-fum —— 979 = 9 = 0990783 


Sum is the Log. of 21695404599 Ch, = 2: 33 6368 
Which divide by — 2 


The Quotient is the Log. of 14.7293 Ch. = 1:1 68184 
The Log. of 10 ſubtract ooo 


Remains the Log. of 147293 Acres = 0168184 


3. By the Sliding Rule, 
{A B A B 
N 15˙19 1: 3˙31:17˙1789 
: 17'17 : : 1˙29: 22*1608 
| A D A D 
was 79: 979: : 22*1608 : 14729 Ch = 14729 


As 


ä 


Nate, The Refulr of the laſt Analogy is no more 
than a mean Proportion between 22˙1 608 (the Reſult 
1. 
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of the ſecond Analogy) and 9˙79 (the Half-fum of the 
Sides). But Queſtions of this Kind are more conveni- 
ently ſolved arithmetically or logarithmically, than 
inſtrumentally. 


PR OB. XXIX. 
To meaſure a Trapezium. 
Ren I. 


Multiply the Diagonal by Half the Sum of the 
Perpendiculars, and the Product is the Area. 


For putting a =DB, 5 = AE, and c = CF; then 
a * ee = the Area. (Fig. 13.) 


ExAMPLE I. 


Suppoſe the Diagonal of a Trapezium = 48, the 
one Perpendicular = 16 and the other = 245, 
required the Area. 


1. Arithmetically. 


16 + 245 —_16+24'5 X 48 8 
nn, = 972 the Area, 
2. Logarithmically. 
16 + 24's 1 
The Log. af} e TOY 1 36428 
| CDiagonal =48 = 1681241 


'TheSum is the Log. of theArea = 972 = 2987 * 
2. By 
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3. By the Sliding Rule. 


=. A B 
As 2: 405 :: 48 : 972 = the Area. 
RU LE II. 


When the Dimenſions are in Links, multiply the 
Diagonal by the Sum of the Perpendiculars, ſo will 
the Product be the double Area, which reduce by the 
latter Part of Rule 2, Prob. 23. 


Ex AMP I E IL 
Given the Diagonal = 12 60 Links, the one Per- 
pendicular = 584, and the other = 657; how many 
Acres are contained therein ? 
1 Arithmetically. 
584 + 657 X 1260 = 1563660 ſquare Links the 
double Area, which reduced by Rule 2, Prob. 23, is 
= 7 Acres, 3 Roods, 109280 Poles, the true Area. 


Nate, The Logarithmical and Inſtrumental Perform- 
ance hereof, being the ſame as that in the foregoing 


Example, is omitted as unneceſſary. 
PrxoB. XXX. 

To meaſure an irregular Polygon. 
| R ov kk 


Reduce the Polygon into Triangles or Trapeziums, 
whoſe Area find by the Rules in Prob. 28, 29. 


If 
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If therefore you put à = the Baſe AC, b = the 1 
BF, c = the Diagonal AD, d the 1 CG, and e 
=the tr EH; then @ x 5 = the Area of the 


A ABC. Alſo c x ee = Arca of the 


Trapezium Ac DE; then = + eee 
= "Pw Area of the Polygon ABCDE. (Fis. 16) 


PRA OB. XXXI. 
To meafure a regular Polygon. 
RU L E I. 


Multiply the Perimeter (or Sum of the Sides) by the 
Perpendicular let fall from the Center of the Polygon 
to the Middle of one of its Sides, Half the Product is 
the Area. Or, the Product of Half the Perimeter by 
the Perpendicular let fall from the Center, or Half 
the Perpendicular by the whole Perimeter, either of 
theſe will be the Area. 


Now ſuppoſe a= BC a Side of an Heragon, b = 
A D the Perpendicular let fall from the Center. 


(Fis. 56.) 
Then D =zab= Area of the Hexagon. 


EXAMPLE L 


Suppoſe the Side of a regular Hexagon to be 24 
Yards, 
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Yards, and the Perpendicular let fall from the Center 
2 of ons of ies Sides = 16353 required the 


232 wt = 24 x 316} = 1188 Yards, the 


= 72 = 1857332 
= 165 = 1217484 
— 


The Sum is the Log. of the Area = 1188 = 31074816 


3. By the Sliding Rule. 
D | 
: 144 165: 1188 Yards, the Area, 


When the Side is only given, the Perpendicular muſt 
be found before the Area can be obtained; now if we 


ſuppoſe the Side BC of a regular Hexagon = 1, then 
in the eee . 
BD S BC) = os and the < BAD. 

B. Ac at the Center) = 30*; from whence the ber. 
pendicular .4D (by Caſe 3 of right-angled plain Tri- 
angles) is found = o; 86602 54, and conſequently the 
Area of the Hexagon will be = 259807. Thus are 
the ſeveral Areas calculated in the following Table- 


4 10. 560 


0 Names 
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e Half the [Areas th fonte 


Center. Vary 0 — 


3 |66* 433013 2020 

4 | 45 00 |1'000000 i. oo 

5 | 36 0&'| 1172047} 5812 

' Hexagon 6 30 oo | 259807 | 3849 
7 25 42 | 3'6340 | *2752 

8 22 30 | 48284 2071 

9 20 00 '| 61818 | *1617 

2 18 00 76942 | 1299 
it 16 21 8˙5142̃ 1174 
233 12 


R v L K 1 
Multiply the Square of the Side by the tabular Area 
belonging the Polygon, or di vide it by the tabular Di- 
viſor ; the Product or Quotient is the Are. 
man; II. 


| Suppoſe the Side of + regular Octagon 493! required 


1. Arinhmotealy. 


© = 7725-44, the Area 


* 
2. ne, 


v0 * 4204. = OX 
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2. Logarithmically. 
The Log. of the Side — 
Multiply by 2 
The Prod. is the Log. af the U Side 1 600= 3'204120 
The Log. of 48284 (=the'Tab. Mul) = 0683803 


The Sum is the Log.of the Area 7725:44= 3887923 
3. By the. Sliding Rule. 


> Wo ws 
As 1: 482 : : 40 : 772244 = the Area as above. 


Pao. XXXIL 


Having the Diameter of a Circle given ; to find the Pe- 
riphery; or the Periphery to 2 2 Diameter. 


Ru L E I. 


Multiply the Diameter by 3·14 1 59, or divide the 
by 314159; the Product in the former 
Caſe, and the Quotes the luter, will be the Circum- 
ference or Diameter. 

Put d = the Diameter AC, ite ts Pb 
ABC D. Then d x 314159 = 314159 4 = 
aryl (Fre: 57.) 

6 * 0 

1 21150 an 


* 


EI AMTPL E I. 


- Suppoſe the Diameter of a Cirele = 20; required 
the Periphery. : 1. Arich- 
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3˙14 159 * 20 628318 the Periphery. 


pn Logari ithmically. 
the Diameter: =20 = 1'301030 
The Log. of 9 the Multip. = 314159 = 0497149 


The Sum is the Log. of Periph. 628318 =1*798i 79 


The Log. ; Periphery __ 62'8318 = 1:798179 
of the & Diviſor 3.14159 01497149 


Remains the Log. of the Diameter = 20=1*301030 


3- By the Sliding Rule. 
A B A B 
As F 3: 314159: : 20 : 62˙83 18 the Periph. 
] 314159: 1 :: 628318: 20 the Diameter. 


RU L II. | 
Multiply the Diameter by % (= 35 = 3'1428—) 
or divide by. r 27 (= 9'3181—); the Product or 
is the Periphery or Circumference. That is d x ** 
== =33d = 31428 4 = the Periphery. Or © 


4 i ; ZE. 


SIT; = the Periphery the fame as before. 


Nete, This Rule will not give as accurate an An- 
ſwer as the laſt, though ſufficient in many Caſes. 


EXANM FY LE IL 


Suppoſe the Diameter the ſame as before; required 
the Periphery. 41. Aith- 
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1. Arithmetically. 
a0 K 72 — = F: = 625 = 62'8571 = the 


Periphery. Or 20 + 22 = —— = 628971. 


4 Diameter 20 = 1'301039 
The Log. of * From ” = 90497325 


The Sum is the Log. Periph. 62-85 &c. = 1.798355 
3. By the Sliding Rule. 


. 
As 7 : 22 :: 20: 62'85, &c. the Periphery. 
RU LE III. 


Divide the Periphery by (= 33 = 3˙1428- ar. 
multiply by 7; (= 9&3181—), for the Diameter. 
This being the Reverſe of Rule II. Examples are 


unneceſlary. | 
Rur = IV. 
Multiply the Diameter by 1 (=35 r 3'1416+), 


or divide by 5 One the Product or Quote 
is the Periphery. 


wi 1.4 d= z. | 
I 
= te emen. Alſo d + 2 F ts 


ExamnreL Et HI. 
Suppeſe Der Gs bm us beet re- 
quired. the Periphery. 1. Arith- 
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35s | 
20 X 713 628318 
1 8 
S the Periphery. Or 20 rr 62: 8318 
= the Periphery as above. 


By what goes before it is evident, that Rules 1 and 4 
give out exactly the ſame Anſwer, and differ a little 


trom the Reſult of Rule 2; but the Difference is a 


Trifle; the former being 628318, and the latter 
628571, the Difference is only 00253. 


The of th iameter 20 = 1'301030 
* Multiplier = = 0497150 


* 'The Sum is the ray Periph. 62-8318 = 1 1798186 
3. By the Sliding Rule. 


& KM: ..& :& 
As 113 : 255 : : 20: 62'8318 the Periphery. 


RU LE V. 


Divide the Periphery by 225 (=3 3 == 31416), or 


multiply by * (= 031831 +); the Quote or Product 
is the Diameter. Note, As this is juſt the Reverſe of 
. Examples are ncedleſs. _ 


PR OB. 
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PR OB. XXXIII. 
To find the Area of a Circle, by having the Dia- 
meter and Periphery given. 
| Ru L k. 
Multiply half the Periphery by half the Diameter, 
or multiply the Periphery and Diameter together and 
divide the Product by 4; either of theſe will give the 


Put d= AC = the Diameter, and p ABCD 


- = Ge K or Circumference; then - * g = 
2 = 2 = the Arca. (Fis. 570 


EXAMPLE. 


Suppoſe the Diameter of a Circle = 24, and the 
Periphery = 7553; required the Area, 


I. Arichmetically. 
71 „ 24.377 „ 24_377 X24 _9gog8 _ _, _ 
I» 20S Gone 
the Area. 
2. Logarithmically, 


The Log. Half the Diam. (7) = 1079181 
of — the Perip. (EL) 2157634 
The Sum is the Log. of the Area 4521 rows: 

"Av | 3 


Book II. 
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3. By the Sliding Rule. 
a A 
As 4 : 24: : 75:4: 452˙4 the Area. 
P x 0-8. XXIV. 
The Diameter of a Circle given, to find the Area. 
Roure I. 

Multiply the Square ot the Diameter by 07854 
(= the Area of a Circle whoſe Diameter is 1), or di- 


vide it by 1:2732; the Product or Quote is the Area. 
That is, put d = 2 AC; then dd x 


7854 = 07854 dd = = A = Area. (Fre. 57.) 


1*27 32 


ExAamM?eLeE I. 


5 Suppoſe the Diameter 24. as before; —— 
Area or ſuperficial Content. 2 


1. Arithmetically. 


24 X 24 X 77854 = 24; X e = 5 452˙4 
= the Are. | 


2, Logariuicll. 
The Log. of the Diameter 24 — = 1380211 
. Multiply by — Pom LS 
Product is the Log of 24 — = 2760422 
The Log. of 07854 — = 1•89 5091 


Sum is the Log. of 452-4 = Ares #2655513 
' he. 
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3. By the Sliding Rule. 
„ 
As 12732 : 24 : : 24 452'4 the Area. 
„„ 
. 
As 1: ˙7854: : 24: 452˙4. 
RU LE H. — T „ 


Multiply. the Square of the Diameter by N. * 
vide by 1 27 (= 17); the Product or Quote is the Area. 


That is — = Area. 
/ 
Ex&M?7LE I. 


| Given the Diameter as before; require Arc 
| ay Arithmetically. : 
— eee. which differs a lit- 
tle from the firſt, 5 — 
+. Logarchmiclly. 


The Log. of as Mr © 24 =T'380211 
Multiply by | 
Product is the Log. of 244 — = 2:760422 
The Log. of Multiplier it — = 1041393 

The Comp: Arith. Log. of 14 — = 8-85 3872 

Sum is the Log. of 452*57 — =2'655687 
a? P 3. By 


— — 2 


4 % 
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3. By the Sliding Rule. 


. 5 
As 175 : 24 :: 24 : 4525 = the Area. 
Or, 
D B D B 


AS 1:34: : 24 : 4524 = Area as above. 


RuLs III. 
Multiply the Square of the Diameter by => or di 
vide by #2 (= 18 =12732); the Product or Quo- 


355 
tient is the Area. That is 355% — 2 8 | 


452 17 12732 
the Area. 


EXTAM PI E III. 


ee Dicer the ſame as before, * 
the Area. 
I. Arithmetically, 
24* X 
K on = 2 = 458 713 457'4=the Area the 
ſame as by Rule IJ. 


2, Logarith- 
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82 2*760422 
= 2550228 


= 7 ˙344862 
= 2*655512 


As 12: 24: 124 452'4 = the Area. 
PIO. XXXV. 
The Periphery of 4 Circle being given, to find the 


Rl. x. 


Multiply the Square of the Circumference or Pe- 
riphery by 7958, (= the Area of a Circle whoſe Pe- 
riphery is 1), or divide it by 12·5 C6; the Product or 
Quotient is the Area. That is, put p · the Periphery 
430 CD, chen f x 79 2588 = the Ares. 
(Fis. 570 


EXAMPLE. 


Suppoſe the Periphery of a Circle = 7543 required 
the Area, 


ys * 
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4. Arichmeticàlly. 
, $544" * #07958 = Wt Asi the Area. Ad 
2. Logarichmically. 
The Logarithm of 174 — = 5754743 
The Logarithm of 07958, — =*2:g00804 
Sum is the Log. of 452'4 — = 2˙655546 
3. By the Sliding Rule. 

5 

As 1: 079 :: 754.4524 = the Area. 
Or, 


A vn AS. 
As 1256: 754: : 75443 4524 = the Ares. 


Px oB. XXXVI. 


The Diameter of a Circle being wap cm 
> Square equal i in 


3 | 


9 RULS 
Multiply the Dizmceer by © 8862 wo 70padn 
ade. 4y 11284. ihe Product or Quote is the Side 


of the Square. Put d = AC, then d x o'8862 = 


d 
— e ene (Fis. 58.) 


e 


FIR ao Diameter of a Circle = 36; required 
the Side of a Square equal in Area to the Area of the 
ken Circle. 1. Arith- 
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1. Arithmetically. 


55 36 * ©8862 = 7128. = 31'g— = Side of Square. 
2. Logarithmically. 

the Diameter 36 = 1556302 

The Lag. of} the Factor -o' 8862 =-1'947532 


The Sum is the Log. Side of the A 31'9 = 1503834 


= OY 9 
V 
136 :: 88: 21:9 = Side of the Square. 
Or, 
As 1*12: 1:36 3 che ſame as above. 


PA OB. XXXVI. 


Having the Periphery of a'Circle given, to find the Area 


of Square wheſe Area is equal to that of the gi- 
ven Circle. 


Ru 1 x 


Matdply 8 by ora821 * 07958), or 
divide by 3:5448; the Tretut or Quoee 1 is the Side 
of the Square equal. - 


| Then purtigg 5 & the Peripher ABCD; * 
y*a79 sn eee 3.77.25 ide of he Square 


_ oF 16. 58.) Example 
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EXAMPLE 


Ginn the Periphery 72; required the Side of the 
Square equal. 


72 X4/*07958 = Tz = 2031 = Side of li 
2. Logarithmically. 


Cthe Periphery 72 = 1857332 
The Log. of die Multip. 7 07958 =*1'450402 


Sum is the Log. of the Side of Square 2031 =1*307734 


3. By the Sliding Rule. 
A B A 8 
As 1 : 28 &c. : 1 92 : 20'31 = Side of the Square- 
Or, | 
As 3.54: 1: : 72: 2031 = the ſame as above. 
PxosB. XXXVIII. 
The Diameter of a Circle given, to find the Side of its 
greatef inferibed Square. = 
RuL . 
Multi ply the Diameter by 07071, or divide it by 


Side of the in- 
Suppoſe 


Sect V. Of SurnRFICIES. 111 


Suppoſe AC = 1; then AE (= E B) 5 = the 
Length of the Legs of the right angled plain G AE B. 
Then (by Theorem 17) the Hypothenuſe 4 B = 
AE + E B* : = 757 75 25 + 25 
=+/'50 = ©7071 = the Side of the inſcribed Square 
of that Circle whoſe Diameter is 1. (FIG. 58.) 

Then put 4= A B, fo will d x 17071 = 


AB = the Side of the inſcribed Square. 


I*4142 


EXAMPLE. 
Given the Diameter of a Circle = 36; required the 
Side of its greateſt inſcribed Square. 
1. Arithmetically. | 
36 X 07071 = = = 2545 = Side of the in- 
2. Logarithmically. 
the Diameter 36 — 21556302 
The Log: of J che Mattplier 27071 S -1849487 
The Sum is the Log. of 2545 — = 1405783 


AD & B 
As 1:36::*70: 25'45 as above. 


Pao 
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» P x © y. XXXIX. 
Having the Circumference of a Circle given, to find the 
* Side of it's greatef inſcribed Square, 
UL k. 


Multiply — by 251, or divide by 
44424 the Product or Quote is the Side of the in- 


lcribed Square. 
put c = the Circumference :A BCD; then c x 
02251 = ©2251 c = ——— = the Side of the inſcribed 


Square. (Fis. 58.) 
3 EXAMPLE E 


Suppoſe the Circumference = 72; required the Side 
of its "_ inſcribed Square. 


g Arithmetically. 
* 
72 X ©2251 = 748 = 162 the Side of ec 


2. Logarithmically. 


| the Circumference 72 w 1.657332 
The Los. ol qe Multiplier ˙ 2251 352375 
Ne 


The Sum is the Log. 162 =Side of the 1 9 
3 By che Siding Rule, 


A B A B FE” 
dot :: : 162, a above. "RIS, A 
3 Pzos. 
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PA O . XL. . 

To meaſure a Seftor &a Circle, Semicircle, or Quadrant. 
RI x. 


Multiply the Radius and Arch anther, and take 
Half the Product fot the Area. Or multiply Half the 
Radius into the Arch, or Half the Arch by the Radius; 
either of which will give the Area. 


Put @ = Arch XY, and r = the Radius AX = 
AT; the 2 = $ r= x @ = Arca of the Seftor 
AAT. (Fis. 17) 

Ex AAM 1. E. 

II the Radius be = 40, and the Arch = 15; re- 

quired the Area of che Sector. 
1. Arithmetically. 


* 
2 


= 2 * 15 * 40 = 300 = Area of the 


2. Logarithmically. 

The Log. of the Radius 10 — 1608 
The Log. of the Arch 15s — 281176091 
The Comp. Arithmet. Log. 2 — = 9698970 


Jum is the Log: of the Area = 300 = 2477121 
Q 3- By 
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3. By the Sliding Rule. 
A 7 5 — of B | 
As 2:40::15: "206 4 Au of the Sedor. 


P x © b. MI. 
To — the Segment of « 4 Circle. 
RV LE. 


Find the hou of the Sector 450 by the laſt 
Problem; then wt is evident, if from the Area of the 
Sector AB CD you take the Area of the A 4 DC, 
the Remainder will be the Area of the Segment A B C. 

Put r = 4D (= DC), c = AC, a = Arch ABC, 
v = verſed Sine EB, and x= DB — EB = DE. 


Then = = Area Sector ABC D; and = = Area of 
the & ADC; then 2 Area of 


the Segment B C. (FIG. 59.) 


. 


Suppoſe the Chord of a Segment = 48, and verſed 
Sine = 6, alfo the Length of the Arch = 4872; re- 


quired the Area. 
1. Arithmetically. 
- +5 — 5 2 = 102 the Diameter of the Cir- 
cle, whoſe Half 51 is the Radius. Then 3. £2 4 


124236 = Arca of the gector. Alſo 8 x 48 = 
1080 the Area of the A; then 1242'36 — 1080 = 
16236 the Area ef the Segment. 8 Where 
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Where very great Exacweſs i is not required, if you 
multiply the Chord dh, z of the verſed'Sine, the Pro- 
duct is the Arta. | Rs bo 


2. Logarithmically, 
The Log. of * . F 
The Log. of 48 — 8 Fog 
Sum is the Log. 1080 = Area of the A = 3033423 


Alfo, 

The Log. of 1 — —— , =1707570 

The Log. of 48-72 — = 1687703 

The Comp. Arithmet. Log. 2 — = 9698970 

Sum is Log. of 1242:36 = Area of Sector = 30994242 
Then 1242.36 — 1580 = 26230 = om of 

Segment as — 3 | = 1 


* 3. By che Sliding Rale. 
So 5 
As 1: 22'5 :: 48 : 1080 = Area of the A. 
As 1:4872::51: 1242 * ws a ana 
Pros, XIII. 2 
To meaſure 4 Parabola. 


-- Rv LE. — ; 
Multiply £ F of the Axis by the Ordinate, or 4 of 
the Ordinate by the Axis, or take f of the Produ@ of 
the Axis and Ordinate; any of theſe will be the Area. 
_— | roy 
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Put b = Ordjuate A B. and v = the Axis CD; 


9 


1 
Ack. (rie. 39) : 
EXAMPLE. 


Given the Axis of a Parabola = 12'5, and its greateſt 
Ordinate = 18; required the Area. 


1, Arithmetically. 
— x 18 = LEW = 150 = Area of the Pa- 
2. Logajicthmically, 
C.the Axis 125 — = 10969 10 
The Log. of the Multiplier 4 2 1·82 3909 
the Ordinate 18 — 821255272 


Sum i the Ter of the Area 150 — = 2117609] 
3- By the Sliding Rule, | 


A B & B 
As r'5 : I: 18: 150 = Area. 
Pros. XIII. 
To axglov a Ori  Zlkghs, 
4.4. 18 285 
*_ Muldply the Produ of che wo Diam 


7834 or divide it by 1 12732 the Product or 
is the Area. = 
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Put b= XC = Tranfverſe Diameter, : and c = BD 
=the Conjugate ; then b c * 1854 13755 = Area of 
the Oral or Ellipſis BC D. (Fis. 180 
| EXAMPLE, 


If the tranſverſe Axis be 24.8, and the Conjugate 
16, required the Area of the Ellipſis. 


© Arithmetically. 
p 6 
24'5 X 16 X 7854 = 7 = 307* ker = Area. 


2. Logarithmically. 
Tranſ. Diam. 245 =r 289166 
The Log of the 3 Conjug. Diam. 16 = 1204120 
x | Multiplier 7854 21895091 


Sum is the Log. of the Area 307-87 = 2:488377 
3. By the Sliding Rule. 


\& : :S a 8 
As 1'27 : 245 :: 16: 3087 = Area, 


PAO n. XLIV. 


To meaſure an Hyperbola. 

'The Rule for this being (in Words) ſo intricate, I 
have therefore contracted the ſame into a nu, by 
which the Solution will be more caſily attained. 

Put f = tranverſe Axis, c = the conjugate Axis, and 
a = the Abſciſla. Tu- 
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Tuzon DM. 


6 7 30 „ 134412 + = the Dividend. 
16 t+3 4X t5 2 =2 = the Diviſor; then ? = the 
Area. | 


EXAMPLE. 


Given the tranſverſe Axis BD » 34, the Conju- 
gate 20, and the Abſciſſa or Height BG=1 2; re- 
quired the Area. 


1. Arichmetically. 


34 * 80 X 12 * 39 Xx V 21 Xx 34X4X12X 20 
= 60658176 = Dividend. Then 34 x 16 +3 x 12 
60658176 _ 
295800 © 


* 15 X 34 = 295800 = = Divifor. 'Then 
20506 = Area of the Hyperbola, 


Px on. XLV. 
To find the Area of any Curve-lined Space A BC. 


Rux x. 


Meaſure in a direct Line 4 B from one End of the 
Curve to the other; and, as often as convenient, take 
Breadths perpendicular to AB, as DE, FC, GH; 
Then to find the Area, add the ſeveral Breadths roge- 
ther, and divide the Sum by the Number of Breadths, 
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ſo ſhall the Quotient be the mean Breath, which mul- 


tiplied into the whole * A B, the Product will 
be the Area, (Fis. 60.) 


Or more 8 chus; ; 


Multiply the half Sum of every two Breadths by 
the intermediate Length; the Sum of the ſeveral Pro- 
ducts is the Area. NN ſeveral FIG and Breadths 
are as below. 


Breadrhe. 


0+ 80+ 110 +95 +0 


the firſt Merhod. | 
ne. + ©#2/9 x 59116 + 


* 275 (= r e * 41 —275 = 027049 


Me ite che tits, 


But che common and praftical Method of finding the 
Area of any irregular curve: ſined Superficics, is to take 
2 Breadth in the Middle of every one, two, three, &c. 
Chains, Yards, Feet, &c. which Breadth multiplied by 
its reſpective Length will give the Area of that parti- 
cular Part; then the Sum of the ſeveral 3 
the Area of the Whole. 


* 410 =. &23370 Acres by 


8 
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_—__— 


SECT. VL. 
MzxsURATION of the SurERFICIES of 
SOLIDS. 


PA OR. XLVI. 
To find the Area of the Surface of any Cube, Priſm, Cy- 
li 


ader, &c. 
RU Lx. 


Ultiply the Periphery of the Baſe by the Length 
of the Solid, to that Product add the Area of 
the Baſe or Baſes, the Sum i is the Area of the whole 


Solid. 
Put a = HB = BC = CD = DA, &c. Then 


TZ NZ TTT N= 44 2 4 64a = Area & 
the Superficies of the Cube A4 B C, &c. (Fiese. 61.) 
- Alfo put x = the Side of the Baſe 4 B of a trian- 
gular Priſm, and v = CD = its Height; then 3 K v 
+ 2 * x 01433013 (= tabular Number for a Trigon) 
= 2 vx+*866026 * = Area of the Whole. (FIG. 62.) 
Alſo put a= AB CD = the Periphery of a Cylin- 
der, and b= CE = its Length; then ab + 159164 
r (Fis. 63.) 


ExAMPL E I. 
Suppoſe each Side of a Cube = 145; required the 
ſuperficial Content. 75 2 
bo: * 
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1. Arithmetica it neti ly. 


1 e =841 +420 
= 126t = Area. 


2. Logarithmically, 


Becauſe a Cube conſiſts of ſix equal Sides, therefore 
the Area of one Side multiphed by 6 or divided by +, 
will be the Area of the Whole. 

The Log. 14'3* + Log. 6 = Log. 1261 = the Arca 
of the Superficies. | | 


3- By the Sliding Rule, 


N 
As 166: 145 :: 145: 1261 the Area the ſame 
298 


RA II. 


1897 


If each Se of th Bf ofa agua Piſa be 
n „ HIS 


' i. Arithmericlly. 
er 285 ** * 8 = 720 + 55'42 = 
TINGS 


. * * . bt ” Z = * . 
a 2. . 


The Log. Bx 3 + Log. 39 = Log. 720. The 
Log, 8* + Log. n = Log 534%. 97 
| 3 
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3. e 
A * 1 
As 1: 24: : 30: ere 
D 5 D B 
As 1: 086: : 30: 55:42 = Area of the two Baſes. 


ExXAMPLE III. 


Suppoſe the Circumference of a Cylinder = 48, and 
the Length 130; required the ſuperficial Content. 


1. Arithmetically. 
48 * 130 x 130 + 48? X 25916 07958 * 2)= 66067 
= Area. 
2. Logarithmically. 


The Log. of 48 + Log. of 130 = Log. of 6240 
The Log. — + Log. of "15916 = Log. of 3667 


3. D GIS. | 
" RE 5 & B we 
As 12556: 4: : 266'7 = Area of the Baſes. 
As 1 : 48: 4 en curve Super. 
PIO. XLVIL 
Te fn the fperfeial Content of any Cone or Pyramid, 
Ru L. E. 


Multiply half the Periphery of the Baſe by the ſlant 
Height, or half the flant Height by the Periphery of 
1 the 
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the Baſe, or take half the Product of the Periphery of 
the Baſe into the flant Height; any of theſe three Ways 
will give the ſuperficial Content, to which add the Area 
of the Baſe. 

Put a 2 AB = BC=CD = DA= the Side of a 
„ Pyramid, and 0 = E.4 = = Way Height. Then 


1 4 L = 42 K OP _ ih 


= ſuperficial Content. (FIG. 64) 
Alſo put p = the Periphery A4 B CD, anda = E 4 
= the flant Height of a Cone or round Pyramid; then 


* þ + 07958 b == x a +*07958 pp = — 
07958 pp = © XL = ſuperficial Content. 


Txam?ein L 


Suppoſe each Side of a ſquare Pyramid = 15˙5 and 
its ſlant Height = 40; required the ſuperficial Content. 


GEE 49 + 15'5* = 1480'25 = ſuperficial Con- 
tent. 


2. Logarithmically. 
The Log. of Lg. of 40 Log. of 1240. 


The Log. of 15˙5 is = Log. 2402 5. Then 1240 
+ 240'25 = 1480'25 ſuperſicial Content as above. 


R 2 3. By 
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3. By the Sliding Rule. 


. 
4.0 f. 62: 49 1240 curve Surface. 
S's :: 15'S: 240'25 = Area of the Baſe. 
whoſe Sum 1240 + 240˙25 = 1480'25, is the ſame as 
above. 


ExaM?L E II. 


If the Periphery of the Baſe of a Cone or Pyramid 
be 60, and its ſlant Height 350; required the ſuper- 
ficial Content. 


1. Arithmetically, 
2 350 + 607 *. 7958 = 2539 + 60* X 0e 
= 10786˙49 = ſuperficial Content. 


2. Logarithmically. 


The Log. of 7 + Log. of 350 = Log. of 10500 
= convex Superficies. Alſo the Log. of 60 + Log. 
of 7958 = Log. of 28649 = Area of the Baſe. 


3. By the Sliding Rule. 
„ 

As} 2 : 60: : 350: 10500 = curve Superficies, 

12'56: 60: : 60 36 


PR OB. 
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Px o s. XLVIIL 


To find the ſuperficial Content of the Fruſtum of any Cone 
| or Pyramid. 


RU LE. 


Multiply Half the Sum of the Peripheries of the 
Baſes by the ſlant Height, or Half the ſlant Height by 
the Sum of the Peripheries, or Half the Product of the 
ſlant Height by the Sum of the Peripheries; any of 
theſe three Ways will give the Area of the curve Sur- 
face, to which add the Areas of the two Baſes, the 
Sum is the whole ſuperficial Content. 

Suppoſe p = the Periphery at the greater Baſe A C, 
r = the Periphery at the lefler Baſe FG, and v the 
fant Height 4 F = CG; then x v +*07958 gp 


+07958r7r = + 07958 pp + 07958 er = the 


ſuperficial Content of the Fruſtum .4FGC. (F16. 65.) 


EXAMPLE. | 
'There is a conical Fruſtum, the Periphery of whoſe 
greater Baſe is 64 and the Periphery of the leſs 38, and 


the ſlant Height or Length is 46; required the ſuper- 
ficial Content thereof. 


1. Arithmetically. 


£43 * 46: + 64* x *07958: + 38* X 07958 : 


= 27868722 = ſuperficial Content. 
| 2, Loga- 
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2, Logarithmically. 


6 8 
The Log. Aud + Log. of 46 = Log. of 2346 
S curve Superficies. The Log. of 38* + Log. :07958 
= Log. of 114'91352 = Area of the leſſer Baſe; alſo 
the Log. of 64 + Log. of 07958 = Log. of 
32595968 = Area of the greater Baſe. | 


2. By the Sliding Rule. 
A 0 1 
As 2: 46 2346 = curve Superficies. 
Then, 


1 
4391 07958: : 64: 325'95 = Area greater B. 
þ : 07958: : 38: 11491 = Area leſſer B. 
PR o B. XLIX. 


To jind the Area of the Superficies of any Globe or 
Sphere. 


Rer. 


The Area of a Globe being equal to four Times the 
Area of its greateſt Circle; therefore the Square of 
the Axis multiplied by 3. 1416 (= 4 x 07854), or the 
Square of the Periphery by 31832 (= 4 x 07958), 
cither of theſe will give the Area. 

Or thus; 

Divide the Square of the Axis by 0:3183, or the 

Square of the Periphery by 31414; the 


ſhall be the ſuperficial Content, according as you uſe 
the Axis or Periphery. Pur 
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Put x = the Axis 4 C, add p = the Periphery 
r then x* x 311416 = 


=; = adder curry I when the Axis is given. 


Alſo p* * 31832 = — 1775 = Superficies when the Pe- 
riphery is given. (FIG. 66.) 


EXAMPLE. 


Given the Axis of a Globe or Sphere = 12; what 
is the ſuperficial Content ? 


1. Arithmetically. 


12 * 3˙1416 = 3183 = 45239 = ſuper. Content. 
11 ichmically. 
The Log. of 12 + Log. of 31416 = Log 452˙39 
= ſuperficial Content. 
3. By che Sliding Rule. 
A B A B 


As 3183: 12: : 12: 452˙39 = ſuper. Content. 
PA OB. L. | 
To find the Area of any ſpheric Triangle. 
RU L k. 


Subtra 180 from the Sum of the three Angles, 
multiply the Superficies of the whole Globe by this Re- 


128 SUPERFICIAL MEASsukxE Book II. 


mainder, the Product multiply or divide by +0014 


or 720, and the Product or Quotient will be the 
ſuperficial Content. 

Suppoſe, a, ö, c the 3 Angles and x = the Axis of 
the Globe, then 311416 * = ſuperficial Content of 
the whole Globe, by the laſt Problem, (F16. 67.) 


Then a+b6+c— 180 x 31416 x* x 0014 = 
a + — AN Fo 
——— ſuperficial Content of 
Triangle. 


EXAMPLE. 


Suppoſe the Axis of a Globe be 17 Inches, what is 
the Area of a ſperical A thereon, . wR_ 3 * are 
35 , 10", 48* 16*, and 1087 oo? 


35˙166 + 4&266 + 108 — 180x907'9224 (the Su- 
perficies of the Globe as by the laſt Problem) x +0014 
= 1453 = the ſuperficial Content of the ſpheric 


Triangle. | 
2. Logaiichmically. 


The Log. of N 266 + 108 — 186 + Log. 
of 9079224 + . of l = Log. of 14/53 = Area. 
PRO B. LI. 

To jind the ſuperſucial Content of any rent Solid 
RU L E. 


Divide the irregular Solid into as many regular Ones 
as it will admit of, whoſe Areas find by ſome or other 


of the foregoing Rules. But 
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But the common practical Method of finding the Su- 
perfivies of all ſuch Solids, is to take a Periphery in 
the Middle of every 1, 2, 3, &c. Yards, Feet, &cc. 
which multiply by each reſpective intercepted Length, 
the Sum of the ſeveral Products will be the ſuperficial 
Content of the whole Solid. Nete, The more Periphe. 
ries you take, the nearer the Truth will the Work be, 
and will give out an Anſwer ſufficiently exact. 
Put a = AD, b=GH, c SET, d= IK ande 
B C, (the ſeveral Peripheries); alſo let v =D H = 
AG, x= HF=GE, „= FR = EI, and z KC 
= IB (the ſeveral intercepted ſlant Heights or. Lengths; 


Then 2 x 5 + x = ſuperficial Content of the Fruſ- 


rum AEFD — bares Al- 
ce 
0 


E B CF by the ſame Part of the Rule ; then T x 


vr: : —— K 72: = ſuperficial Content of 
ABCD. (Fis. 68.) 
Again; 

; * © + = Superfidies of 4E FD bythe latter 
Part of the Rule; and d x y + 2 = the Supetficies of 
E BC F by the fame Method; then bxv+x:+:4x. 
TZ: = by + bx + dy + dz = Superficies of .4 B CD 8 

E x AMPLE. 


Let AB CD be a Niece of Timber, whoſe feveral 


Peripheries AD = 4's : GH 5, EF= * 
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IK= 2775, and BC= 2; and the intercepted Lengths 
are DH 3, HF = 75, FK=4, and K C 


3˙25; required the — Content of the Whole. 
(Fis. 68.) 


1. Arithmetically. 


—.— . Es +: — * 7'25 = 6484375 
Feet = ſuperficial Content of 4 B CD according to the 
former Part of the Rule. 


Alſo, 
65 X 5 + 725 X 3'75 = 596875 = ſuperficial Con- 


tent by the latter Part of the Rule, which differs from 
the other juſt 5'15625. 


2. Logarithmically. 


The Log, of £355 + Log. of 65 = Log. of 


349375; alſo the Log. of <2 + Log. of 7:25 = 
Log. of 29:90625, whoſe "oe 6484375 is the af ogg 
ficial Content as above. 
3. By the Sliding Rule. 
A B 
3 65 23493. 
. 8.25 725 3 29'9- 2 
4 SECT. 
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SECT. VII. 
MExNSsUIATION of SOLIDS. 


Pacs. III. 
To find the Solidity of a Cube. 
e. 


Multiply one Side into its Square, and the Product 
is the Solidity. 


That is, put a= 4 B; then aa x 42 = . 
the Solidity. (FIG. 61.) 


EXAMPLE. 


Let the Side of a Cube be 14'5; required the 
Solidity. 


1. Arithmetically. 
14'5* X 14˙5 = 145 = 3048625 = Solidity. 
2. Logarithmically. 


The Log. of 14˙5 multiply by 3, Product is the Log, 
of 2048625 = the Solidity. : 


3- By the Sliding Rule, 


9 0 OR 
As 1: 14'5 :: 14'5 : 39486 = Solidity. 
| S 2 


Pxos, 
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P. x Oo B. LIL 


To find the Solidity of any Parallelopipedon, Priſm, ar 
| Cylinder. 


RuL k. 


Multiply the Area of the Baſe by the Length; the 
Product is the ſolid Content, 
Put x = A B = a Side of a Bafe of a ſquare Priſm, 
and v AC= BD = its Length; then & xX vr 
= the ſolid Content of 40 DB. (Fis. 69.) 
Alſo if a = = AC the Diameter of the Baſe of a Cy- 
linder, and 6 = CE = its Length; then *7854 a* x 6b 


= 7854 a* b = Solidity of the Cylinder 4G EC. 
(FiG. 63.) 


EXAMPLE I. 


Suppoſe a Piece of Timber in Form of a Parallelo- 
pipedon, 20 Feet long, 18 Inches broad, and 10 Inches 
deep; how many ſolid Feet are contained therein? 


1. Arithmetically. 


20 * 15 Xx o833 — 4 = 25 Feet = 
the Solidity. Fad 
| 2, Logarithmically. 


The Log. of 20 + Log. of 1'5 + Log. of 08933 = 
Log. of 25 Feet = = the Solidity. 
Or thus; 

The Log. of 20 + Log. 18 + Log. 10 + Comp. 

Arith, Log. of 144 = Log. of 25 W 

3 


Sect VI. Of $oL1ids. 133 


4 3. By the Sliding Rule. 
B 1 3 D- 
As 18: : 10: 13˙4 4 2 mean Proportion between 
the Breath and Pera | 
| Then, 


EXAMPLE IL 


Suppoſe the Diamerer of the Baſe of 2 Cylinder be 
3˙4, and irs Length = 12; required the Solidity. 


e N -FE$4 229 ©" LEORIOENS mn WE GIINE. 
2. Logarithmically. 


The Log. of 345 + Log. of 7854 + Log. of 12 
= Log. of 108'95 = Solidity. 


3- By the Sliding Rule. 


7854 turn'd to a Diviſor is 1*2732, 0 ſquare 
Root is 1'128, therefore, 
e. 
As 1128: 12 : : 3.4: 108 · 95 = ſolid Content. 


EAM PL E III. 


Given the Periphery of the Baſe of a Cylinder = 
65, and the Length of the Cylinder = 14; required 
the Solidity. 1. Arith- 
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I. Arithmetically. 
65 X*07958 X 14 = 4707157 = ſolid Content. 


2. Logarithmically. 


The Log. of 6:5* + Log. of 07958 + Log. of 14 
= Log. of 47 07157 = ſolid Content. 


3. By the Sliding Rule. 


*07958 turn'd to a Diviſor is 12 566, the ſquare 
Root of which is 3'54; then, 
a a A 6 
As 354: 14: 65: 47'07 = the ſolid Content of 
the given Cylinder. 


Px oB. LIV. 
To find the Selidity of any Cone or Pyramid. 
Ru Lx. 


Multiply the Area of the Baſe (of whatever Form) 
by ; of the perpendicular Hen or __ and * 
Product is the ſolid Content. | 


Put a= AB = one of the Sides of a cre Pyramid, 


and b = E B its Axis; then a x2 = © = Solidity 


of AE C. (Fis. 64.) 
Alſo put x ann a Cone, and v = 


E its Axis; then 7854 X x — 7 = 2 - = the 
ſolid Content of AEC. (Fro. 65.) 3 


Ex- 
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EXT AMP LE I. 


Let each Side of the Baſe of a ſquare Pyramid be 


15 Inches, and its perpendicular Height 14 Feet, re- 
quired the ſolid Content. 


1. Arithmetically. 
15 Xx *+ 144 = 25* Xx of = — * 2 7˙29 
= Solidity. 
2. Logarithmically. 


The Log. of 15 + Log. of 5 + Comp. Arith. 
Log. of 144 = Log. of 729 = the Solidity as above. 
3 By the Sliding Rule. 

1 
As 12: 4*66 : : 15 : 7-29 = the Solidity. 
| ExamMPLE II. 
Tf the Diameter of the Baſe of a Cone be 15, and its 
Axis = 64; required the ſolid Content. 


1. Arithmetically. 


15*x 7854 x f = 3 GS = 11309'76 
= the folid Content. | 
__— Logarithmically. 


The Log. of 15 + Log. of 7854 + Log. = Log. 
of 1130976 = the Solidity. 3 By 
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3. By the Sliding Rule. | 
D 5 
As 1-128 : 21*33: : 15 : 11309*76 = Solidity. 
PR O B. LV. 


To find the Solidity of the Fruftum of any Cone or Pyramid. 
RL E. 


Find the Area in the middle of the Solid, which 
Area multiply by 4, and add to the Product the Area of 
each Baſe; that Sum multiplied by one ſixth Part of 
the Fruſtum's Length, will be the Solidity. - 

Note, The middle Area is cafily found in ſtraight- 
ſided Solids, for Half the Sum of the Sides of any rwo 
r 
Middle. 

Put a 2 4 B + Side of ee Bife of « n 
Pyramid, 6 = = G Is Vide of the lever Bate, and x = 
[© then A x4 +0 +0 x4 x= 


2 
Ly — 1 


(Fis. 8 
Alſo put x = AC = = Diameter of ER" 


of a Cone, v = FG = Diameter of the leſſer Baſe, and 
7 =p B =its Axis; then — Xx 41 * f n x 


©7854 x47 = x I] x 4+ = x 07854 

= Solidiry of 4FGC. (F16. 65.) 
Or this; 

@+4 TT bin. += 

= the Solidity of the Fruſtum "4 G HC. Alfo 


a x+Þ* x 
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Alſo Te. + x* TKR f =x+v' x 
$r + A das * *7854 = the Solidity of the conical 

Fruſtum AFGC 


ExXAMPL EI. 


There is à Fruſtum of a ſquare Pyramid, a Side of 
whoſe greater Baſe is 24 Inches, a Side of the leſſer Baſe 
8 Inches, and the Axis 15 Feet, required the Solidity. 


1. Arithmetically. 
2 + 0'6666* + 2* + 0:6666* x 2 2.66667 + 
2* + 0:6666* x 25 = 288877 = che a 
2. Logarithmically. 
The Log. of : 2:6666* + 2* + 0:6666* : + Log. 
of 2'5 = Log. of 28-8877 = the Solidity. 
3. By the Sliding Rule. 


As 1 on D: 2:5, (= 4 of 15) on B:: 2:6666 (= 2 
+ 016666) on D: 178 on B:: 2 on D: 100n B:: 
66, &c. on D: 1˙1 on B; whoſe Sum 17˙8 + 10 + 


1'1 = 28:9 = the Solidiry. 


EXAMPLE II. 


* 


Suppoſe the Diameter of the greater Baſe of PR 
Fruſtum of a Cone = 14, the Diameter of the leſſer 
Baſe = 6, and the perpendicular Height or Length = = 
' 18; required the ſolid Content thereof. 

1 1. Arith- 
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1. Arithmetically. 

14+ 6' +14'+ 6 x:7854 x =14 + 61 + 

14* + 6* X*7854 x 3 = 1489-1184 the ſolid Content. 
2. Logarithmically. 

The Log. of : 14 + 6* + 14* + 6* : + Log. of 

7854 + Log. of 3 = Log. of 1489-1184 = the Solidity. 

3. By the Sliding Rule. 


17854 x 4 = 24 whoſe Reciprocal is —>— 585. = 7˙639 
whoſe ſquare * 2˙76 is a conſtant Gauge Point for 


conical Fruſtums when the Diameters of their Baſes are 
uſed; ſo 


As 2*760n D: 18 on B. : 2000 D: 943 on B:: 
14 on D: 461 on B:: 60a D:851 cn 5; then 
943 + 461 + 85˙12 yt = Solidity as above. 


ExXAMPLE III. 


Suppoſe the Periphery of the greater Baſe of a coni- 
cal Fruſtum = 48, the Periphery of the leſſer Baſe = 
15, and the Length or Height = 24; the Solidity 
thereof is required, 


* 


48 + 15ʃ˙ + 48* + 15* x *07958 x + =43+15|* 
+ 48* + 15* Xx 07958 x 4 = 206844336 = Solidity. 


755 2. Loga- 
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2. Logarithmically. 
The Log. of: 48 + 15|* + 48* + 15 : + Log. of 


07958 + Log. of 4 = Log. of 2068-44336 = the So- 
lidiry. 


3. By the Sliding Rule. 


The /. 5588 : is nearly 87, a ain Gaz 
Point for conical Fruſtums, when the Peripheries of 
their Baſes are given. 'Then 


As 87 on D: 24 o B:: 63 on D: 1263 9 on B 
48 0 D: 7328 on B:: 15 on D: 71˙0 on B, 
N the Solidity as above. 


PA O B. LVI. 
To find the ſolid Content of any irregular Solid. 
Rl. k. 


Divide the irregular Solid into as many regular Ones 
as it is poſſible, whoſe Solidities may be all found by 
the Rule in the laſt Problem. But the practical Method 
of meaſuring ſuch Solids, is to take a Periphery in the 
middle of every 1, 2, 3, &c. Yards, Feet, &c. that is 
to divide the Solid fo, as that the Sides ſhall be ſtraight 
from one diviſional Mark to the next, then ſhall a Pe- 
riphery taken in the middle of every ſuch Part be a 

T 2 mean 


* 
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mean Periphery, and equal to the Periphery of a Cy- 
linder of equal Dimenſions therewith, whoſe Area mul- 
tiplied by its reſpective perpendicular Height or 
Length, will give the Solidity thereof : In like Man- 
ner find the Solidity of every Part, whoſe Sum ſhall be 
the Solidity of the Whole. 


Note, The more Peripheries you take, or the more 
Parts you divide the Solid into, the truer will your 
Work be. | 


Let a = the Periphery c d, 5 = Periphery g b, c = 
the Periphery In, and d = the Periphery no; alſo put 
r= Ar Altitude DE, v=EF, x= FG, and 2 = 
G B. (Fis. 70.) | 


Then 07958 a* r = the Solidity of Aab c, alſo 
*07958 b* » = the Solidity of ae fs, alſo 07958 c* x 
= the Solidity of er /, and laſtly, 07958 d. 2 = the 
Solidity of i BA; then :07958 a* r + :07958 b* v + 
'0795Bc* x +:0795Bd* 2 = Aabe +aefb ei 
+ i Bk the Solidity of A BC. 


Or ſhorter thus, 


a* FIG e i x *7854 =Salidity or 
ABC. 


Ex. 


, 


Of SOLID s. 


ExXAMPL x. 
Suppoſe an irregular Solid, as a Stack of Hay, &c. 


whoſe ſeveral Dimenſions taken, are as below. 


| Periph. Altitudes. Contents. 

20˙5 I'S 501652 
2425 275 128-6942 
16˙2 1'00 208850 

8˙5 14 80496 | 

| * 

4 | Content. 207-7940 | 
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20'5* * 1's + 2425 * 2:75 +16'2* + 85* x 14 
X *07958 = 2077942 = the Solidity, the ſame as 
above. 


2. Logarithmically. 


The Log. of 205 + Log. of 1'5 = Log. of 
630'3750, the Log. of 24'25* + Log. of 2:75 = Log. 
of 1617'1719, the Log. of 162*'= Log. of 262-44, 
the Log. of 8:5* + Log. of 1:4 = Log. of 1or 1s ; 
then the Log, of: 630˙375 + 16171719 + 26244 + 
the Log. of 207-794 = 


TO1'15 : + Log. of :07958 = 


the ſolid Content, as above. 


3- By the Sliding Rule. 


As 3154 on D:15onB::205 o D: 504 on 


B; a8 354 on D: 2:75 on B:: 2425 on D: 1285 
on B; as 3:54 on D:10nB::1620n D: 21 on; 
and as 3'54 on D:114onB::85onD:80n B; 


then 50'4 + 128'5 + 21 + 8 = 207'9 as above. 


PR OB. 
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PA OB. LVII. 


To find the ſolid Content of the Hoof of a Cone or 
Pyramid. 


RuL x. 


Multiply the ſquare Root of the Product of the two 
Diameters by the leſs Diameter, that Product ſubtract 
from the Square of the Diameter of the Hoof's Baſe, 
multiply the Remainder by that Diameter, its Height, 
and 02618; divide the laſt Product by the Difference 
of the two Diameters, and the Quotient is the ſolid 
Content of the greater elliptic Hoof. From the Pro- 
duct of the ſquare Root of the Product of the two Di- 
ameters by the greater Diameter, take the Square of 
the Diameter of the Hoof s Baſe, the Remainder mul- 
tiply by the Diameter of the Hoof 's Baſe, its Height, 
and o· 2 618, that Product divide by the Difference of 
the two Diameters, and the Quotient i is the * of 
the leſſer Hoof. | 


Put x = A the greater Diameter, v = CD = the 
leſſer Diameter, and 2 = CF = their Height; then 


* — eee the Solidity of the greater 


X—Y 
elliptic Hoof A BC. Alſo rex; * 26183 N 
= the Solidity of the leſſer Hoof C DB. 


Ex- 
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EXAMPLE E. 


Suppoſe the Diameters of two elliptic Hoofs be, the 
greater, equal to 14, the leſſer equal to 9, and their 
Heights equal to 25; required the Solidities of each. 

Firſt, for the greater Hoof. 
14 — : /14X9: 2 2618 K 14 Xx 25 


the Solidity of 451 greater Hoof. 


Secondly, for the leſſer Hoof. 
44 X9 X14—9* :X9X 25 X 2618 


the Solidity of the leſſer Hoof. 

'The Solution of this Example, as alfo of others of 
the like Kind, is more conveniently performed arith- 
metically than either by the Logarithms or the Sliding 
Rule. 

Note, The Solidity of the elliptic, parabolic, hy- 
perbolic, or any other Hoof may be nearly obtained by 
the Rule in Prob. 55. But as Hoofs of all Kinds (ex- 
cept the Elliptic whiqh are uſed in finding the Drip of 
a Tun) are of little Uſe, I ſhall forbear — 
further thereon. 


P x O B. LVIII. 
To find the ſolid Content of any Globe or Sphere. 


RU L k. 


= 17406768 = 


= Bg&69g582 = 


Multiply the Cube of the Axis by o·52 36 or divide it 
by 1909; the Product or Quotient is the ſolid Content. 
Multiply the Cube of the Axis by 4+ and the Pro- 
duct is the Solidity. Put 
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Put x DE the Axis ; then x” x 05236 = 
©5236 x? = 7 = z = the Solidity of the Globe 


1˙9 


or Sphere DBEO. (Fis. 72.) 


ExXAMPLE. 


Let the Axis of a Globe or Sphere be = 12 required 
the ſolid Content thereof, 


I. Arithmetically. 


g 3 ; 3 
12* Xx 0'5236 = DD 12? X26 an Sn = 


903-1428 = the ſolid Content. 
2. Logarichmically. 
The Log. of 12? + Log. of 05236 = Log. of 


905 · 14. 
3. By the Sliding Rule. 


The g 1382 a conſtant Guage Point. 
. 9 
Then as 1382: 20: : 20 : 905˙ 14 as abore. 
PA OB. LIX. 


To find the Solidity of any Segment of a Globe. 


RU Lk. 


Add three Times the Square of the Semi-diameter of 
the Segment's Baſe ro the Square of the Segment's 
Height 
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Height, that Sum multiplied by che Height of the Seg - 
ment, and by 5236, che Product is the Solidity of the 
Segment. But if the Axis of the Sphere and Height 
of the Segment be given ; then ſubtract twice the Seg- 
ments Height from thrice the Axis, that Remainder 
multiply by the. Square E. ON tht of the Segment, 
and by *5236, the laſt ie ſolid Content. 
Put x = ACthe Danses of the Segment's Baſe, 


»= BY, its l = 30 the Axis of the 
Globe. is. 229 


Then 22 ee wen» 
1 7. LK Lee Ty 


r 5236 v* is thi Sallfiey of che Seyment 
-1 B C by the former Pare of the Rule. 02 


A 32-2 vx N 3236 322 3236 
=1:5708 v 2 = 10472 the Solidity of 4B C 
acconling oo the Jager Tare of the Rule. 


EAN TL. 
There is a Segment of a Globe, the Diameter of 
whoſe Baſe is 18, its Height = 6, and the Globe's 
Axis = 19's; required the £0 aan 
nb 18 · x 6 — 6˙ * | 15236: = 8765054 
= the ſolid Content. : it 


} 


v | | * 
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ö . 13 


The Log, of 18* + the. Ub Yap of *392'7 = 
Log. 763:40B8; alſo x: oh of 6* + Log. of 3236 


= Log. of 1130976; then 763-4088 + 11 0976 = 
8765064 = the Solidity of the Segimenr. ? q' 


3+ Dy the Shding Nahe. 


As 1˙382 on D 6 on B: 16 113'09 — on 
B:: 9 on D: 25446 — on B: then 25446 — 1 
= 76314088, | 


By the laer ar of the Ru. 


: 6* 19.5 X 15708: +; 4 «A - 8765964 
= the Solidity..-.: e 64h ' 4588. 
Note, The Operation by 2 1 as alſo by 
the as have omitted, 3 the fame 


as above. 


- 


PRO B. IX. 
To find the ſalid Content of a Fruflum or middle. Zoe 
of Glbe. | 


ert I. 


Add the Square of the leaſt Diameter to twice the 


Square of the Axis or greateſt Diameter, that Sum 


multiply by the Length of the Zone, and by 2618, 
che laſt Product is the Solidity. 


Put 
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Put a= FG = HI = the Diameter of the Fruſtum's 
Baſe, b = DE = the Axis of the Globe, and x = 
K L = the Length of the Zone; 2 B x x x 02618 
=26* + a x &26t8* =0:5226b* x + 2618. 4 
» = the hep” the me 


EXAMPLE 5 


| Required the Solidity of a middle Zone, whoſe 
Length is 12, the Diameter of irs Baſe = 20, and the 
Axis of the Globe = 2 24. 


x; Arittimetically. 


24 X 12 X ˙5236 : +: 20˙ X 12 X 02618 = 
48757632 = the ſolid — the middle Zone. 


2. Logurichmically. 


The Log, of '24* + Log. of 12 + Log. of Grid 
= Log. of 3619-1232; alſo the Log. of 24* + Log. of 
12 + Log. of 2618 = Log. of 125664; then 
3619'1232 + 125664 = 4875*7632 = * rt as 
above. | 


: 3. By the Sliding Rule. 
The /—— is 1:954- Then, as 1.954 on P: 
$2.00, B::339 (=: 24 * 1 ; 3619˙ 1 — 
20 0n Y: 12564 — on 
"Note, The Solidity of the middle Fruſtum or Zone 
| of a Sphergid may be had by this Rule. 


V 2 Ro LR 
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4 © . 
R v L E IL. | 
| When 4 PR pr ct half Zone, as 
HMIN; then add. 4 of the Square of the Zone's 
Height to Half the Sum of the Squares of its two 
Diameters, that Sum multiplied by the Height of the 
Zone, and by ©7854, the laſt Product will be the So- 
lidity. But if it be a like Part of a Spheroid, multi- 
ply 4 of the Square of the Height by the Square of 
the Spheroid's greateſt Diameter, that Product divide 
by the Square of the Spheroid's Axis, and then add 


the Quotient and work as directed in che fore Part of 
the Rule. (Fs. 72.) 


Let a = BO the Axis of a Spheroid, b DE, 
its greateſt Diameter, x = HT the greateſt Diameter 
of the Part HI MN to be meaſured, v = MN its 
leaſt Diameter, and z = LP its Height. (Fi G. 73.) 


705 2 = the Solidity of the Zone HIMN. 


EAM TI E II. 4 

Suppoſe the Axis of a Spheroid = 40, its greateſt 
Diameter = 3o, the greateſt Diameter of the Zone or 
Part to be meaſured = ao, the leaſt Diameter = 15, 


and Height = 10; required the Solidity thereof. 
1. Arith- 
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10* X 2 X 30 20* + r5* 


40* X 3 + 2 


10* X 2 X 30* 


——X2 +235. * 7'8540 = 27489 = thg 
Solfdiry of the Zone or Part given to be meaſured. 

Note, Examples of this Kind are more conveniently 
wrought by the Ton id by any other Tiithod. 


EXTAMP IL E III. 


Suppoſe the Part or Zone be that of a Globe, and 
Dimenſions the ſame as in the laſt Example, required 
6— LING, 


* 10 X o'7854 = 


1. Arithmetically. 
WE 15? XD x 7'854 = 2977'92264 = the 
Solidity. 
2. Logarithmically. 


The Log. of — 15* oy Log. of 3125, the Log. 


2X02 = 


= Log. of a. then the Log. of: 312'5 


+ 66-666 : + Log. 7854 = Log. of 297792264 = 
the Solidiry as above. 


3- By the Sliding Rule. 


As 1:128 on D: 10 on B:: 20, 15, and 10 on D 
: 3 ſuch Numbers on A, as that if to ; the Sum of the 
two firſt be added 5 of the Laſt, the Sum ſhall be the ſo- 
lid Content of the Zone = 297792264. Pos. 
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PA os. LXI. 
To nd the Solidity of any right or oblate Sphereid. 
RL x. | 


FUE 

Multiply the Square of the Spheroid's greateſt Dia- 
meter by the Axis, that Product multiply by o·5 23 6, 
or divide by 1909, the Product or Quotient is the 
Solidity. 


That is put a= BO the Axis of a right Spheroid, 
and b = DE its greateſt Diameter; alſo put b DE 
the Axis of an oblate Speroid, and a = BO the greateſt 
Diameter thereof. Then b* 4 x 05236 = 015236 


b* a =... 5 = the Solidiry of the right Spheroid: Alfo 
ah Xx ©5236 = 05236 a* b=— = the Solidity 
of the oblate Spheroid. (F16. 73.) 


ExXAMPL k. 


Suppoſe the Axis of a right Spheroid = 49, and the 
Diameter of its 3 Circle zo, or the Auis of an 
oblate Spheroid zo, and irs greateſt Diameter = 25 4 
required the ſolid Content of each. 

Firſt, for the right Spheroid. 


1. Arithmetically. 


| — er esssse BED = ae en, 
| 2. L 
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hb 2. Logarithmically. | 
The Lag. of 3% + Lag. of 40 L Adds 

Log. of oog = Log. of 18349'6 = the * 

3» By the Slidiog Rule. 


1 
As 1382: 40: : 30: 188496˙6 = = Solidiry. 
Secondly, for the oblate Spheroid. - 


A Aridhmetically. 


49* X 30 * I =25132'8 = Solidir, 


2, Logarithmically.” - 


The Log, 43 Lg. of 30 + Comp. Arith. of 
the Log. of 1909 -= Log. of 2513278 = Solidity. 


2. By the * Rule. 
D 28 
As 1382 : 30: : 40: atizng = the Solidity. 
| P x O B. LXII. 
To find the Solidity of the Segment of a Sphercid. (r. 73) 
R ULE, ; | | 


By Prob. 59. find the Solidity very exactly, by 
haring the Spheroid's Axis and Height of the Segment 
Ziven; and then it will be, as the Square of the ſaid 


Axis 


o 
_— ed 
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Axis : Segment thus found : : the Square of the Sphe- 
roid's greateſt Diameter : the Solidiry of the Segment 
required. 3 

Put x = AC = Diam. ſpheroidal Segment's Baſe, 7 
, its Height, and 2 = BO the Axis; alſo let r 

= DE = the greateſt Diameter of the Spheroid. 
(Fre. 73. . 

Then 15708 v 2 — 10472 v* = the Solidity of 
the Segment, n then as 2 


| 1557089? 2—2004720" ::7*: 1* Ions 04729013 


= the Solidity. 


EXAMPLE. 

Let the Diameter of the Segment of a Spheroid 
either right or oblate, be 18, its Height 6, and Axis 
of the Spheroid 195; alſo let the greateſt Diameter 
of the Spheroid be 14, required the Solidity of the 
ſpheroidal Segment. 


1. Arithmetically. 


According to the Example in Prob. 59, che So- 
lidity of the Segment n it was globular) is 


$765; then as 19 5 : 8765 :: 140 5 4 f 
45179 = = the 4 of the Ghana fg 
2. Logarichmically. 


The Log. of 8765 + Log. of 14* + Comps Arich 
3. By 


Log. of 19'5* = Log. of 45179 = the Solidity. 


Nl 
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S o L ID 3. 15 3 
3. By the Sliding Rule. 
D B _” 
As 195 ; 86765 ::14: 45179 = Solidity. 
PR OB. LXIII. | 
To find the Solidity of a parabolic Cuncid. 


Ru x. 


| Multiply the Ares of the Baſe by Half the Axis; the 
Product is the ſolid Content. 
Put K AC Diameter of its Baſe, and v2 BD 


= he Rxis; tra 07054 #* 2 2D T5429 = "OR 
Solidity of the parabolic Conoid A B C. (Fro, 74.) 
ExAMPLE. 
Let the Diameter of the Baſe of a parabolic Conoid 
be 3o, and Axis 50; required the Bolidity. 
I. Arithmedically. - 


ex, . 50 = 176715 = Solidit. 
2. Logarithmically. 

The Log. of 07854 + Lag. 30* + Log. of 50+ | 

Comp. Arth. Log. of 2 = Log: of 17 67155. | 
3. By the Sliding Rule. 


— 
As 1128: : 25 43 39: n; ranger 
| 10 
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PAO B. LXIV. | 

To find the Selidity of the Fruſflum of a parabolic 

| Conoid, | 


RL x. 


Multiply the Sum of the Squares of the two Diame- 
ters by the Fruſtum's Height, that Product multiplied 
by 0:2927 or divided by 2 '5464, will give Sn ee 
of the F ——_—_ 

Suppoſe x = the greater Diameter A C, v leſſer 
Diameter E F, and a = the Height of the Fruſtum 
= DG. (Fi. 74. 2 | | 

Then @ * + an x expe) wt = Solidity 
of the Fruſtum 4 E FC. | 


EXAMPLE. 


Let the Diameter of the greater Baſe be = 45, the 
Diameter of the lefler Baſe = 3o, and the Height of 
the F ruſtum = 42; required the Soldity. | 


be * 


2 8 * N 
45* + 3e. K 4 x 03927 = ee 


48243195 = = Solidiry of the Fruſtum. 
2. Logarithmically. 


The Log. of: 45* + 30* : + Log. of 42 + Log. of 
0:3927 = Log. of 48247 195 = = Solidity as above. 


3: By 
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3. By the Sliding Rule. 


As 1595 = Je on D:42 on B 45 and 
30 on D: 33399 and 14844 on B whoſe Sum 48243 


is the Anſwer. 
PR OB. LXV. 
To find the Solidity of an hyperbolic Condid. 
RuL E. 


Every hyperbolic Conoid being #; of its cireum- 
ſcribing Cylinder ; therefore multiply the Square of 
the Diameter of the Baſe by the Height, that Product 
multiply by 03272 (= : of +7854) or divide by 3.05 
the Product or Quotient is the ſolid Content. 

Thar is, put « = BD = the Altitude, and x = 
EE." the Diameter of its Baſe ; then x* @ x 272 


= == = = the Solidity of the hyperbolic Conoid 4 BC. 


(Fi6. 75.) | 
Xx AMY I. E. 


1 the Diameter of the Baſe = 50; and its 
eight = 60; required the Solidity of the Hyperbo- 
lic Conoid. | 5 

r. Arithmetically. 


50“ X 60 X 0'3272 = es = 49080 = the ſolid 
Content required. 3 
2. Logarithmically. 


The Log. of 50* + Log. of 60 + Comp. Arithmet. 
ef the Log. of 3:05 = * of 49080 = Solidity. 1 
32 
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3. By the Sliding Rule. 
- BY ey 2 
As 174 : 60 : : 50: 49080 the fame as above. 
Pxos. LXVL ; | 
To find the Solidity of a parabolic Spindle. 
Rl. k. 


Every parabolic Spindle is / of its circumſcribing 
Cylinder; therefore multiply the Square of the greateſt 
Diameter by the Axis, that Product multiplied by 
041888 (= 7, of 0:7854,) or divided by 2 3873, will 
give the ſolid Content. 8 

Put x = AB the Diameter of its greateſt You, 


and v = CD its Axis. Then vx* x 0141888 =— 25 


= the Solidiry of the parabolic Spindle ACBD. 
(F16. 76.) 


EXAMPLE. 


Let the greateſt Diameter of a parabolic Spindle be = 
40, . its Axis or Length =60; required the Solidity- 


I. Arithmetically. 
40* X CO x 1888 2573 = 4021248 = the 


ſolid Content. 1 

2. Logarithmically. 
The Log. of 40 + Log. of 60 + Log. of 041888 
=the Log. of 40212:48 as above. 3. By 
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3. By the Sliding Rule. 


As 1545 (= 4/2*3873)-on:D': 60 on B: 40 on 
D: 40212:48 on B = the Solidity. 


PRO B. LXVII. 
To find the Selidity of the Huſtum of a parabolic 
„  Spindle. 


'RuLE. | 


Add the Square of the leaſt Diameter to u Times 
the Square of the greateſt Diameter; multiply the Dif- 
ference between that Sum and s of che Square of the 
Difference of the two Diameters by the Length, that 
Product multiply by o·2 618, or divide by 3819, and 
the Product or Quotient is the Solidity, | 

For put v EF = GH the leaſt Diameter, x = 
BD = the greateſt Diameter, and 2 = mn = its 
Length. 


Then 2 . + * i :X 02618 x 2 = 


2 5 e 4 — 
A. 700 the Solidity. 


EXAMPLE. 


 Suppofe the middle Fraſtum of a parabolic Spindle, 

| whoſe greateſt Diameter is 34, leaſt Diameter 26 and 

Length or Height = = $0; required the ſolid Content 
thereof, | 


1. Arith- 


| 
| 
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t. Arithmetically. 


34* * 2 + 26*® —4X — : * 50 X 2615 = 


342 X 2+ 26*:— SPEED * = 387778 = 
the ſolid Content. | 
| EY * 
2. Logarithmically. 


The Log. of: 34 x 2 + 26* : —; 4 x 34 — 26 
: + Log. of 50 + Comp. Aritmet. Log. ons Fs = 
„ = the Solidity. ; 


3. By the Sliding Rule. 


As 11954 on D: 50 on B:: 34, 26, and 8 on D 
: 15132, 8848-8, and 8378 on B; then 15132 X 24 
8848-8 -f of 8:37'8 = 3877 7-68 = Solidity as above. 

Note, The Rule in Prob. 54, being general for 
finding the Solidities of all Solids, the Content of the 
laſt mentioned Fruſtum may be found thereby, by 
finding a Diameter in the Middle between the two given 
Diameters, which mean Diameter may be obtained 
either by actual Meaſuring, or by the following 


To three Times the greater Diameter add the leſs 
Diameter, the Quote of that Sum divided by 4 will 
give a Diameter in the Middle. Or becauſe Diameters 
are as their Peripheries, you may ufe the Circumfe- 
rences or Girths inſtead of the Diameters ' Put 
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For putting (as before) x = D and v = E For 
GH; men E =the Diameterin the blue (F.77) 


n the Diameter in the Middle. 


Then by Prob. 54. 32* Xx 4 + * 7854 * * 
** xo] * + 34' + 26*'= 1309 (= z of - 7854) X 
= 2 ZED — : _ 38795, which differs 
fam the Conner eget by th particular Rule juſt 
17'2. , we 


3: By the Siding Rude 


As 2*764 on D: the Height 50 on B:: 64 ( 
twice 32), and 34, and 260n D: : three Numbeis on , 
whoſe Sum is the Content. | 

. 


s EO T. VI - 
| menen S0L1D TIMBER. 


ES + „ 


2 — 


Pao» LXVIIL * 
Any Piece of ſolid Timber being given, whoſe Baſes « or 
Ends are equal, parallel, and fimilar ; to find the 
| Length, Breadth, Depth, or Thickneſs 3 
nat ap Lede. | 
RuLE 
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Ae £2 | 


Divide the ; Content bv = F of the 
Baſe or Side of the Solid, and the Quotient will be the 
Length, Breadth, Depth or N required. 


ot aner: I. 


Se x Piece of Timber, ro abe thank, and 
4 Inches deep; what LO ner en n 2 
8 2411 
5 144X 2 wal "ms. 
22575 3333 0K 4 © 10X4X12 
PE. x Ee <a an 


ow 


21. Logarithmically, -. 
* wF > C.* 0 OE WITT IF, z 3 TTL 
The Log. of : 144 x 2. — Log. of ; 10 * 4. 
Log. of 7˙2 = Anl. Ms 
3- By the Sliding Rule. 


As 8333 on B 18333 wn D333. % 524 
on D, a mean Proportion between the Breadth and 
Depth. Then, as 524 on D : 7: :1on D: 72 
on B = = = the Anſwer, | 


'ExAanri E I. 


OA the Depth = 4 Lacher and Lengab = =,9"2 


Fees, what Breadth is required , to make 2 cubic Feet, 
. Arithe 
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n = 10 Inch the re- 
quired Breadth. 


2. Logarithmically. 
The Log. of 2 + Comp. Arith. Log. of 7; x 
10 Inches the Breadth. 
3. By the Sliding Rule. 


As 1'54 (a mean Proportion between 7˙2 and o: 3, 
&.) on D: 2 on A: : 1 on D: o&833—0n A, = 10 
Inches the Breadth. | 


ExAmM?eLE III. 


Let the Length be 7˙2 Feet and Breadth = 10 Inches, 
required the — or Thickneſs to make 2 ſolid 
Feet. 


1. Arithmetically. 


.. 1 1728 X 2 
7 * K 972X110 _ 72X10X12 


required Depth. 


2. Logarithmically. 


The Log. of: 1728 x 2: Log. of: 7'2 x 10 X12 
= Log of 4 Inches. 


= 4 Inches the 


YL 3. By 


162 . MENSURA TION Book II. 
3. By the Sliding Rule. 
As 2:45 (a mean Proportion between 7'2 and o'83 


- on D: 2 on A: : 1 on D: 033 — (= 4 Inches) 
on A, the Anſwer. 


EXAMPLE IV. 


Suppoſe a Cylindrical Solid, the Diameter of whoſe 
Baſe is 14 Foot; what Length thereof is required to 
make up 55 ſolid Feet ? 


1. Arithmetically. 


The Area of the Baſe (by Prob. 34.) is 17672. 
Then = = $112 — Feet = the Length required. 


1*7672 
2. Logarithmically. 


The Log. of 5'5 — the Log. of 17672 = Log. of 
3˙1 12 Feet the Length required to make up 54 ſolid 
Feet. 

3. By the Sliding Rule. 


As 17672 (= Area of the Baſe) on A: 100 B:: 5˙5 
on A: 3112 on B = the Length required, as above. 


PRO B. LXIX. 


To find the Solidity of equal. ſided Timber, whoſe Baſes 
are equal and parallel. 


RuL E. 


Multiply the Square of one of its Sides by the 
Length, for the Solidity. There 
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EXAMPLE. 


There is a Piece of Timber 14 Inches ſquare, and 


18 Feet long; how many ſolid Feet are contained 
therein ? 
1. Arithmetically. 


— 2 22 2 2 > 
T NN = LEE 15 1 * _ = <4 
Feet the Solidity. 
2. Logarithmically. 


The Log. of 14* + Log. of 18 + Comp. Arith. Log. 
of 144 = Log. of 24 Feet, the Solidity. 


3. By the Sliding Rule. 


As 12 on D: 18 on B:: 14 on D: 24; Feet on A 
= the Solidity. 


Or, 
As 1 on D: 18 on B. 1166 on D: 245 on B, 
as above. | 
PR OB. LXX. 
To find the Solidity of unequal-fided Timber, having the 
ſame equal and parallel Baſes. 
RL E. 


The Product of the Length, Breadth and 3 is 
the Content. 
EXAMPLE. 


How many ſolid Feet are contained in a Piece of Tim- 
ber ones broad, 95 deep, and 20 Feet long? 
Y 2 1. Arith- 
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1. Arithmetically. 


13 X X 20 
1 r * 24 (= 94 Inches) x 20 = = 


13 X 9*25 X 20 _ 13X9"25X240 161: 1G, 
144 = 1728 5 16722 16 7014 


Feet the Solidity. 
| = Logarithmically. 
The Log. of 15; + Log. 37 + Log. of 20 = Log. 
of 16733 = 16/7014 Feet. 
2. By the Sliding Rule. 


As 12 on D: 200n B:: 10'94 (a mean Proportion 
between 13 and gz) on D: 16'7 on B = the Solidity 
the ſame as above. | 


PRO BR. LXXI. 


To find the Solidity of Timber whoſe Sides and Baſes are 
unequal, viz. the Selidity of tapering Timber. 


RuL k. 


Take the Breadth and Depth in the Middle of the 
Solid, or take Half the Sum of the Breadths, and alſo 
Half the Sum of the Depths at the two Ends for a 
mean Breadth and Depth, (or a Breadth and Depth in 
the Middle) which multiplied into the Length, will 


give the ſolid Content. Or you may find the Solidity 
by Prob. 55. ike 


* 
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EXA Mp I. E. 


How many ſolid Feet are contained in a Piece of 
Timber 15 Inches broad, and 104 Inches deep at one 
End, 9 Inches broad and 43 deep at the other End, 
and 18+ Feet long? 


1. Arithmetically. 


3H , itt, 18;= i5+9:X:1025 +475: X 18˙5 
. 2X2X 144 (= 576) 
2 X15 K 194X012 _ 8 : 
576 X 12 = 11 775 = 11562 Feet the 
Solidity. 


2. Logarithmically. 


The Log. of 73 + Log. of = +4 +Log. 18; 
= Log. of 137 = 11562 Feet the Solidity. 


— 


3. By the Sliding Rule. 


As 12 on D: 185 on B:: 95 (a mean Proportion 
between "57? and LHA) on D; 11·56 — on B, 


as above. 


PR OB. LXXII. 


To nd the Solidity of round Timber whoſe Baſes are 
equal and parallel. 


Ru L E. 


The common Method of meaſuring Timber of this 
Sort, is to take zth Part of the Circumference for a 


Side 
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Side of a mean Square, which ſquar'd, and multiplied 
by the Length, the Product is the ſolid Content. 

But that this Method is falſe, is proved thus: Sup- 
poſe the Circumference to be 1, one fourth thereof is 
25, Which ſquar'd is 0625 = the Area according to 
this falſe cuſtomary Method; but we know from other 
Principles, that the Area of a Circle whoſe Circumfe- 
rence is 1, is 07958, therefore the true Area will be 
to the falſe, as *07958 is to *0625, which is nearly as 
5 is to 4; and hence the true Content will be to the 
falſe, in the Proportion of 5 to 4, or very near it; 
which makes it evident, that the falſe Content is leſs 
than the true, by upwards of a fifth Part. 

And therefore in meaſuring Timber, &c. according 
to this falſe, cuſtomary Method, there is always; Part 
of the true Content loſt or rejected. The true Con- 
rent of Solids of this Form, is had from Prob. 5 3. 


EXAMPLE. 


How many ſolid Feet are contained in a Piece of 
Timber whoſe Circumference is 56 Inches, and Length 
14 Feet? 


1. Arithmetically. 
* l= X 14 * 2 3 
| U wo = 1975 = 


19055 Feet, the ſolid Content according to the falſe 
Method. But the true Content by Prob. 53, is 24˙25 
Feet, which excceds the other by 5˙2 Feet. 


2. Loga- 
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2. Logarithmically. 


The Log. of LE. of 14 = Log. of 194055 
Feet = Solidity according to the common Method. 


3. By the Sliding Rule. 


As 12 on D: 14 oB: : 14 (of 56) on D. 
19:05 on B. 


Pzon. LXXIIL 
To find the Solidity of round Timber whoſe Baſes are 


'RvuL x. 


Take the Circumference in the Middle, either by 
meaſuring, or by taking Half the Sum of the Periphe- 
ries of the two Ends for a mean Periphery (or a Pe- 
phery in the Middle of the Solid), one fourth Part of 
which multiplied by the Length, will give the Solidity. 
This is the common Method uſed by Carpenters, 
Joiners, &c. and is likewiſe liable to the ſame Error 
as before. The true Content is obtained” by Prob. 55, 
by conſidering it as a Fruſtum of a Cone, which it really 
is. | 
EXAMPLE. 


There i is a Biece of Timber of a tapering | Form, 
whoſe mean Circumference is 42*5 Inches and Length 
8 Feet; required the Solidity. 


I. Arith- | 
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1. Arithmetically. 


3 8 1 "PEP e g 
EF x8 = ET x8 19> keen, 
Feet = the cola Content according to * cuſtomary 


Method. 


2. Logarithmically. 
The Log. of — Log. of 8 = Log. of 6125 ſo- 
hd Feet as above. 
3. By the Sliding Rule. 


As 12 on D: 8 on B:: 10'625 (of 42'5) on D 
: &125 Feet on B, = the Solidity, and the ſame as 
above. 


BOOK III. 


PLAIN Tx1GONOMETRY, or the Doc rr NE 
of PLATNTIIANGLES. 


— 


DEFINITIONS. 


1. By plain Trignometry we find the Quantity of 
the Sides and Angles of plain Triangles, either right 
or oblique angled. 

2. The Chord of an Arch is a Line drawn from one 
End of the Arch to the other, as E B is the Chord of 
the Arch BE. FIC. 78. | 3. The 
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3. The Sine of an Arch is Half a Chord of double 
the Arch; as Darn che Arch BE, and 
is perpeadicalar & . 
The Cofine of an Arch is the Diſtance of the 
Sine from O rhe Center of the Circle; as CD (= G 
is the Coſine of the Arch -B E, or the Sine of the 
Arch B E, or the Sine of the Arch JE. | 
5. The Complement of an Arch is what it wants of 
a Quadrant or 90 Degrees; as Eis the Complement 
of the Arch B E, (the Arch AE Being a Quadrant.) 
6. The Supplement of an Arch is what it wants of 
a Semicircle or 180 Dkgrees; as the Arch. IAE is 


the Supplement of the Arch BE. 
7. The verſed Sine of an Arch is the Diſtance be- 


rween the Sine and rhe Periphery ; as DZB i is the verſed 
Sine of the Arch 3E. 

8. The coverſed Sine of an Arch is the verſed Sine 
of its Complement; as'G A is the coverſed Sine of the 
Arch BE, or the verſed Sine of its Complement 4 E. 

9. Ihe Tangent of an Arch is a Line drawn to 
touch the Arch at one of its Ends, and is perpendicu- 
lar to a Line drawn from the Center of the Circle to 
the Point of Contact; which tangential Line is cut 
by another Line drawn: from the Center, and paſſing 
through the other End of the Arch; as BF is a Tan- 
gent to the Arch B E, being cut by the Line CE 
paſſing through E, in the Point F. 

10. The Cotangent of an Arch is the Tangent of 
that Arch's Complement; as 4 K is the Cotangent of 


the Arch B E, or the Tangent of its Complement AE. 
7. 11. The 


190 Prain TaIGONOHET IT. Book III. 


11. The Semitangent of an Arch is the Tangent of 
Half that Arch; as CH is the Semitangent of the Arch 
B E: For a Line E being drawn from I to E, (the 
Extremity of the Arch B E) will interſect 4 C in H; 
ſo is C H the Tangent of the . CI H, which (by the 
20, Euc. 3.) is Half the © B CF. 

12. The Secant of an Arch is a Line drawn from che 
Centerof the Circle through the extreme Part of the Arch, 
and contmued *till it. interſect the tangential Line there. 
of; as C is the Secant of the Arch B E. (Fis. 78.) 

13. The Coſecant of an Arch is the Secant of its 
Complement ; as CK is the Coſecant of the Arch BE, 
or the Secant of its Complement AE. 

14. A Degree is the 360th Part of the Periphery of 
a Circle, for all Circles great or ſmall are underſtood to 
have their Peripheries divided into 360 equal Parts or Di. 
viſions called Degrees, and each of theſe Degrees is ſup- 
poſed to be ſubdivided into 60 equal Parts called Minutes, 
and cach Minute into 60 other equal Parts called Se- 


conds, and each Second into60 equal Parts called Thirds, 
&c. | 


4. 
e 


__ 


al 


SECT. L 


PxroroRT10ONS for ſolving the ſeveral Caſes of right 
and oblique angled plain T RIANGLEsõ. 


PRO r. I. 
In an right angled Triangle ABC, if the Hyper he- 
8 be made the Radius of a Circle, then will the 


Legs 


nuſe A 
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Legs AB and BC be the Sines of their oppoſite An. 
les C and A; but if one Lg AB be Radius, the Hy- 
pot heniſe AC will be Secant, and the other Leg BC the 
Tangent of the oppoſite Angle A. and what Proportion 
foever the Side made Radius hath to Radius, the ſame 
Proportion hath the other Sides to the Sines, Tangente, 
or Secants by them repreſented. Therefore it will be, 


S Radius: | | 
To the Hypothenuſe AC: : 
So is the S of the = C: 
To the Baſe 4 B:: 
So is the Col. of the : 
To the Perpendicular B C. (FIG. 79.) 
By inverting the Terms of the Analogy, you will 
will gain the Quantity of the Angles A and C. 
Again, making the Baſe 4 B Radius it will =: 
As Radius : | : 
To the Baſe AB: : | 
So is the Tan. of the < A: 
To the Perpendicular B C:: 
So is the Sec. of the = A: | 
To the Hypothenuſe 4 C. ee 
The Terms of this Analogy being inverted, the 
Quantity of the Angles will be diſcovered the fame as 


 Pxon. II. 
In any Triangle ABC, the Sides are proportional to the 
the Sines of their oppofite Angles ; and therefore it is, 
| Z. 2 As 
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As the Side or Baſe A B: F 

To the &. ee. : 

So is the Side 4 C: | 
To the 8. of its oppolte . B [To 
So is the Side BC : 

To the Sine of in oppolie << 4. 


3 1 o. III. 
In any Triangle ABC. 


As the Sums of any two . 
To their Difference A a — AC: 


Tan. Half the Sum of 
Tan. Half their Difference, Tan, © — 5 


Then he half Difference of the Angles added to 
and ſubtracted from the Half Sum, the Sum in the firſt 


Caſe and Difference in the latter, will give the greater 


and leſſer of the * Angles; that is 2 = i 2 


= greater C, and 22 leffer E B. 


Or the Cotangent of Half the included Angle may 
be uſed inſtead of the Tangent of Half the Sum of the 
oppoſite Angles, for the Complement of Half an Arch 
is equal to Balf the e of the whole Arch; 
and therefore it will be, 

As Sum of the Sides A B + AC: 
To their Difference. B AC: 
Cotan. of Half the inclnded Angle, . 12 4 : 


Tani Half the Difference f. => 


2 ; 


Prop. 
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P ROP. IV. 


In all right lined Triangles whos, | 


As the longeſt Side or Baſe AB : 
Sum of the other two Sides AC + BC:: 
Difference of the ſaid Sides AC—BEC: 


Differ. of the Seg. of the Baſe 4D — BD = = 48. 


1 42 r < greater Segment AD, and 2 


= the leſſer Segment BD. (FIG. 81.) 


mat... 


—_ a 


SECT It: 


The Solution of the ſeveral Cas Es of plain TRIANGLES 
beth right and obtique angled. 


Y the foregoing Propoſitions, the ſeveral Caſes of 
plain Triangles may be ſolved; and as every Triangle 
c nſiſts of 6 Parts, viz. 3 Sides and 3 Angles, there- 
fore any three Parts (except the 3 Angles) being given, 
the other 3 may be found; for if the three Angles were 
alone given without a Side, an infinite Number of Tri- 
angles might be formed, all having the ſame Angles. 
Therefore to have a determinate Anſwer, it is neceſſa- 
ry always to have a Side (at leaſt) given. The ſeveral 

Caſes of both right and oblique Triangles are reſolyed 
three Ways, viz. Geometrically, Logarithmically, and 
Algebraically. In the Algebraic Solutions, the natural 
Sines 


174 PLAINX Tx1GoxoMETRY. Book III. 


Sines, Tangents, &c. muſt be uſed, which you muſt 
actually work with, as you do with common Numbers, 
always making the Radius = to 1. 


Note, In all right angled Triangles if one acute An. 
ole is given, the other is eaſily known, being its Com- 
plement, for by ſubtracting the given Angle from co, 
there will remain the PP of the Angle re- 
quired. 

Alſo in oblique Triangles, if 2 Angles are given the 
3d is found by ſubtracting their Sum from 1809, or if 


one Angle be taken from 180, the Remainder will be 
the Sum of the other two. 


In ſolving the following Caſes, let given Things be 
marked thus (0, and required Things thus (). 


Right angled plain Trianglbs. 


CASE I. 


Given the Hypothenuſe B C = 450, and the Angle C = 
1 $0? 3073 * BA. (Fis. 82.) 


Ws Geometrical ly. 


Draw AC at Pleaſure, and from C draw CB to 
make an Angle with C = 502 30!; make CB = 450, 
and from B draw B A perpendicular to AC. Then 
B A meaſured is 3472. 


2. Loga- 
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2. Logarithmically. 


As Radius — 10'000000 


To Hypothenuſe B C = 450 — 2:653212 
So is S. £ C 50 30 —— 9887406 


To the Side B A= 3472 — 2540618 


3. Algebraically, by the Table of nat. Sines, &c. 


Put þ = Hyp. BC, s = nat. of Sine < C, and 1 = 
Radius; then 1: h:: 4:15 3472 = B A. 


CASE IL 
The Angle C = 509 3o', and the Leg AC= 2862 be- 
ing given, to find the Hypothenuſe B C. (F16. 82.) 
I. Geaometrically. 


Draw AC and BC to make an Angle at C of 50? 
30/, allo make AC = 2862; at A erect a Perpendi- 
cular A B to interſet CB in B; then is B C meaſured 
= 450 S the Hypothenuſe. 


2. Logarithmically. 


As Cof. C = 50% 30/ : Leg. AC= 2862 :: Rad. 
: Hypoth. B C= 450. 
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CASE I 
Gives the Ab C = 509 30 ans the adi? 
nis INTE AB. __ 82.) 
* Geometrically. 
— ACA EY fo will 4 B 
be = 347'2. 
As Rad.: Leg. CA = 2862: : Tan. £ CS 509 30/ 
Leg AB = 3472, as required. 
3. Algebraically. 
Put = S. < C, c Coſ. = C ( SS. 2 H), t= 
Tan. < C, andp=C A, A A B, or © =Leg 
n. 


CASE NW. 


Given the Hypothenuſe BC = 450, and the Leg CA 
= 2862; to find the Angles B, C. (Fis. 82.) 
1. Geometrically. 
Draw CA and AB perpendicular to each other at 
the Point A, and make CA = 2862 ; then with the 
Diſtance 450, and one Foot in C, 6— 
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Se; II. 


the indeſinite Line A B in B, compleating the A 
ABC; n 30/ hold 


Complement 50 3o! js the << C: * 
a 2. Logarichmically. 
As Hyp. BC 450: Rad:: Leg CA 2862: 8. — 


B 39* zol, 3 30! is the other 
acute <= C. | | 


3. Algebraically 


Put 5 = Hyp. BC, p = Ia Cw fol 
B = 39* 30. 


CASE V. 


Given the Hypothenuſe BC ='450, the Leg CA = 
286'2; to find the other Leg AB. (Fs. 82.) 


1. Geometrically. 
Conſtruct the A ABC (by Gs 4) then is AB 
found = 34/2. | | 


Find the Angles, by Caſe 4, ct. AB, 
* 
Or thus; 

Find the Logarichms of the Sum and Difference of 
che Hypothenuſe BC and given Leg CA., viz. the 

Aa. | . 
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Log. of : 450 + 2862 : and the Log. of : 450— 2862: 
Half the Sum of theſe Logarithms is the Logarithm of 
the required Side A B = 3472. 


3. Algebraically. 


8 55 CA =p, then bd = = A B= 
72. 


Te BC4 C4 a= BC-CA tis IA | 
= A B. 


CASE VI. 
Given the Leg AB = 3472, the Leg CA = 2862; 
to find the Angles C, B. (Fits. 82.) 


r. Geometrically. 
Draw AC perpendicular to 4B; make AB = 
347'2, AC = 2862, and draw the Hypothenuſe B C 


then the < B meaſured is 39* 30, whoſe Comple- 
ment 50* 30/ is the . C. 


2. Logarithmically. — — 
As Leg AB = 3472: Nd. :: Leg CA= 2862: 


Tan. = B 39* 30/; then go* — 39* 30 = 50* 300 
= the Angle C. 


3. Algebraically. 


Put 6 = Leg AB, and p= Ferp. C. A, then >= 


Tan. <. B 39* 0 or Toe; = 8. v Bag! 5 
before. 


CASE 
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CAS E VI. 


Given the Lg AB = 3472, the Leg CA = 2862 ; 
to find the Hypothenuſe B C. — 92.) 


Draw the Triangle FBC, by the laſt Caſe; then 
will the Meaſure of the Hypothenuſe B C be = 450. 
2, Logarithmically. 

Find cither of the Angles B, C, by Caſe 6, afjec 
which find the Hypothenuſe B C = 456 by.Caſe 2 or 3. 
3. Algebraically. 

Put 6 = Leg. 43, p = Leg CA, then de + pp 

= 450 = „ 


Oblique plain Triangles. 


44688 
Given the Angle D = 34* 20, the Ang 


& EB = 
541 30/, and the oppoſite Side DF = 25 8; to find 
the other oppoſite Side EF. (FiG. 83.) 


1. Geometrically. * 


| Draw D E at Pleaſure; from D draw D F to make 
an Angle with D E of 34* 30/, and make DF = 

259 8; from F draw F E-to make an Angle of 91 O0 

| {che Supplement of * 34* 300 + 54% 300) witch 
3 ü 


$ | 
: : 
. ” 
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FD, which 2. then E F mea- 
ſured ig 160. | 


As S. = E=54* 30 Comp. Arith. o'089314 
'To its oppoſite Side D F = 3 2412796 
So S. = D 34 30 49 9753128 
To oppoſite Side E F= 180 © — 2*255238 

3. Algebraically. 


ops < E * = S. E P, b = op. Side DE 
then = 180 = oppolte Side EF 


CAS E. I. 


Groen the Side EF= 180, the Side D F = 2587, 
and an oppoſite Angle E = 54* 300; 9 
oppoſite Angle D. (FIG. 83) 

This is called an ambiguous Caſe, for if the given 
Angle E be obtuſe, or its oppoſite Side DF be greater 
than the other Side EF, then the required Angle D 
is acute; otherwiſe it is ambiguous or doubtful.  , 


5 Geomerrically. 


Draw D Eat Pleaſure, and from E draw E F to 


make an Angle with D E of 5% 30%, alſo make E F 
= 180; then with the Diſtance 2584 (and one Foot in 


F), with the other croſs ED in D; W 
eee Go boy ** | 


+. Logs 
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2. Logarithmically. | 
As Side DF 2587 : S. opp. < E 54* 300 :: Side 
EF 180: S. opp. © D 34* 30/, which is acute be- 
cauſe D F is greater than E F. | 
3. Algebraically. 
Let ö D F. =S. K E, c=EF, hn + = 8. 
opp. . D = 5. 34" 30. 


CASE OL. 


| Given the Sides EF and DF the ſame as * with 


* the ſame oppoſite Angle E; to find the third Side D E. 
(Fis. 83.) 


1. Geometricall ly. 
Draw the Triaogle according to Caſe e, ſo will DE 
meaſure 317˙7. | | 

2. . Logarihmically. 967 99 


Find the Angle D by Caſe 2, from 8 the An- 


88 Then find the Side DE 3177 by 
I 


3. A gebraically. 


put b=D F c=EF, 5=8. - E, m= Col. 2 
E, Then c b n DE 2177; +if < 
D is acute, and — if obtuſe, where note, if E be 0 
ra m will be negative, This is Emerjon's Rule. 

CASE 
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CAS E IV. 


Given the Side DF 258˙7, the Side EF = 180, 


and the included Angle F = i oo, tofnd the Angle 
D and E. (Fig. 83.) 


1. Geometrically. 


Draw DF and EF to make an Angle at F = 
91 oo, make DF=2587, EF 180, and join 
the Points E, D; then the Angle D meaſured on the 
Chords is 34* 30 and the Angle E 54 30/. Or the 
Quantity of either of the Angles D or E being found 
as above, if to it be added the Angle F (which is puny 


and that Sum ſubtracted from 180* (= Sum of the 3 


Angles), the Remainder will be the other Angle. 


2. Logarithmically. 
As Sum of Sides DF+ EF (= 2587 + 180) : Diff 
Sia DF EF (= 2&7 — i): Tan. ; Sum op 
75 S 55 Tua. 4 their Dit- 


2 
If . 
2—D (= 87 26 =54* nne E, 


E+D E—D 89 — 20® 4 
ad —— — ——- E—1 = 34 g0/ =thelel- 


ſer Angle D. 


3. Algebraically. 
Put b=DF, c= EF, „= Tan. <=, chen v 


+ by 


17 
en IN 
_ 
58 
3 
N. 


EF = 

| - | 53 
TA TH 

8 56y 

LY 

wg 

1 


I 


« Et 


D 
Pt3 


62 


Mk Wy ng » 
* 3 
n 


=" 
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by — cv — dv - MER bo + cv__ 2 cv 
+3IIT 6: = nn and v Fr 
= leſſer = D. 


CASE V. 

Given two Sides DF, E F, and the included 

F, as before ; to find the third Side DE. (Fig. 83.) 

Draw the Triangle by Caſe 4. Then D E meaſu- 
red is 317˙7. 1 
| 2. Logarithmically. 

Find D or E by Cafe 4, and D E = 3177 by Caſe 1. 

3. Algebraically. 


Put 5. D F c=EF, y=Cof. < E Then 
ok bey =D EF. This is Emerfon's Theorem. 


CASE VI 
Given three Sides D F = 2587, EF = 180, and 
DE = $177 ; fd an gh D, (Fis. 83.) 
1. Geomerrically, 


Make DE = 3177; then with the Diſtances 2587, 
and 180, on D and E deſcribe Arcs to cut each other 


in F, and join the Points D, F, EZ; ſo will me < D . 
1 ney” * 

1. fall « Perp, FG on a Side ks 5 
Angle; then as Bafe D E (3177) : Sum Sides D F+ 


Ex 


7 
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EF (4387) :: their Di. O — - EF (1581) 
:DG — GE (= 108'6) the Diff. Segments Baſe ; 
then 4 Baſe D E + Diff. = greater Segment, and 4 
Baſe DE— 4 Diff. = leſſer Then there is 
given DE, DG, r 
right angled Triangles is 34300. | 


3- Algebraically. 
2d4d+bb—cc 
Put b=DF, c= EE, d=DE; — 
= Col. = D = 34* 300. EM 


BOOK W. 7 


The PrRojEcTION 7 the Sru zzz, Ox rRHOOGRATHc 
and STExXEOGRAPHIC, On the PLANES of the - 
Mczxz1D1an, the SoLsrITIAL COLUKRE, ani the 
Hon izo x. 


DEFIiNIilTioNSs. 


HE of the Sphere, u the Delines- 
on ofthe Circ hereof upon ao N 
one of its Circles. 4, 85 
2. The primitive Circle, i» the Phse upen witch 
the Projection is made, r 
of Projection. F | 
3 Orchographic Projeflion, is to data. 
cles of the Sphere upon. the Plane of one: of its 


by Lines or Rays let fall from every Part of the Girl 
to 


Set. L Projection of the Senn: 183 
W be projeticds . Plane of Projec- 


tion. 

4. Stereographic projection, is the delineating the 
Circles of the Sphere upon the Plane of ſome of its 
Circles, by Lines or Rays Fare the Pole of the 
Circle of Projection to every of the Circle to be 
projected. 

5. The projecting Point, is the Point from whence 
the Rays or projecting Lines flow to every Part of the 
Circle to be projected. 

6. The Line of Meaſures of any Circle, is a Line 

paſſing through the Poles of the primitive and projected 
Circles, or it is a Line parallel thereto; being the In- 
terſeftion of the Plane paſſing through the Pole of the 
Circle to be projekted, and the Plane of Projection, and 
is perpendicular to both. 

7. The Pole of a Circle is a Point every Way 90 
b from it. 

8.- A. great Circle of the Sphere, is that which di- 
vides the Globe or Sphere into two equal Parts or Ho- 
miſpheres. 

9. A right Circle is chat whoſe Plane ſtands at right 
Angles with the Plane of E and in the Stereo- 
graphic Projection paſſeth through the Eye, and is a 
Diameter to the Primitive. 

10. An oblique Cricle has its Plane inclining to the 


Page of Prjetion, making a ine Ang there. 


11. Parallel Circles, are Circles parallel to ſome great 
Cirele of the Sphere, having their Plancs parallel to one 
another, B b SECT 
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* 
1 _  Y 0” 4 5 


_—_ „ 
_y ry * 


— 


8 E c T. 3 
Tukonk Ms of the Ont nog RAPHIC Pk ojtcTion. 
MY SPHERE, : 33 
'P R O P. | 1. | 


' The optic or v 72 Angle of any Object AB. Fu 
decreaſes or increaſes according to the different Difances 
of the Eye therefrom. (F16. 1.) 

OR ſuppoſe A B an Object viewed by an Eye at C, 
then is the © ACB = the optic or viſual Angle. 

But ſuppoſe the Eye removed to P, the AD be- 
comes then the viſual Angle, which Angle by 21 Euc. 
t. is leſs than the - AC; and therefore the far- 
ther any Object 4 B is removed from the Eye, the lefs 
will the viſual Angle be found to be, and if infinitely 
extended, the Rays paſſing from the Eye ro it, will 


differ infinitely little from the Ne Lines” 7. A, 
FB C5 D-” 


Pn O r. II. 


Any right Line AB or CD is projected into another 
right line cd, different from the former in proportion as 
Radius : Cof. of the Line's Indlination above” the*Plane 
of Projection. (FI. 2.) 

From the Euds of the Line A, B, ler fall che Per- 
pendiculars Ac, Bd; or from C and D ler fall the Per- 
pendiculars Cc, Dd; fo is cd che of the 
4 AB, CD. From of let fin the Perpendicular 


Sed. 1. - - f the Stu Ex. 183 


Ao; then by Cafe 4, of right angled plain Taiangles 
AB : Ao: : Radius: Cos. = B Ao = Col. of its in. 
diuation abore the Plane. O, E. D. 


c r 


"2 Circle [ending at right Angles to the Plane Pro- 
jection, 1s projected into a right Line on the ſaid Plane, 
equal in Length to its Diameter. 

Let A B C be the given Circle to be projected; "IR 
the Points A, B, C, D ia the Periphery let fall the 
Perpcudficalart AL, BH, CK, DG upon the Plane; 
then becauſe the given Cirele, by Hypotheſis, is at right 
Angles to the Plane, therefore the Perpendiculars are ſo 
too, and ſo all the Parts of the Periphery of the given Cir- 
cle will be projected into the Diameter FI. O, E. D. (3.) 

Cox. Hence it follows, that a Semicirele ſtanding 
Wr to the Plane of Projection, is projected in- 
to a Diameter equal to that of itſelf. 


* 


PIO r. IV. 


"A Circle parallel to the Plane of Prejecbian, it pro- 
Aal into a Crete: equal to itſelf on the ſaid Plane. 

Let ABCD ＋ the given Circle and E its Center, 
which is projected into the Circle F GI, the Center E 
into the Center H; for the Parallelogram AFHE is 


nn tt WERE er end 
en YL: 


1 . the Plane of Proton, is projet 
into an Ellipfis on the ſaid Plane. 


For let 43 C be the given Circle to be ooajeſied 
Bd 2 upon 
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upon the Plane FJ; from A, B, C, D, let fall the Per- 
pendiculars Aa, Bb, Cc, Dd, Kt, fo is a bed the true 
Projection of the Circle 450 D, being a true ellipti- 
al Curve. For a further Demonſtration, ſee Emerſon's 
Projection of the Sphere, Page 5, where the Curious 
may meet with Satisfaction. (FI e. 59 


» Q r 


er. 


PROBLEMS F the OxTHoOGRAPHIc PROJECTION 
of the SPHERE. 


PAR o r. VI PRO B. 


To project a Circle parallel to the Primitive, at any 
| propoſed Dre it. 


EXAMPLE L 


NO draw a Circle parallel to the Primitive 480 D, 
at the Diſtance of 35* 40 from it, or 54*.20/ 
from Fus Pole. (Fre. 6.) 


1 


Set 54 30“ (the Parallels Diſtance from the Primi- 
tive) from B to F, or its Complement 35* 3o/ from A 
to F, and draw FG parallel to A, to cut BD in G; 
with the Radius EG, and Center E, deſcribe the Cir- 
cle GIF 1 Parallel required, 


By 
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By the Sector 


Take the parallel Sine of 35 30“ (the Parallel's 
Diſtance from the Pole of the Primitive), and deſcribe 
therewith on E, the parallel Circle G1FX as before. 


PRO. VII. PRO B. 


To project a Circle parallel to a right Circle, or one per- 
pendicular to the Plane Projection. 


> ExanxrLls IL 


Lt it be required to draw a Circle parallel to the 
right Circle 4 B, at 230 30. Diſtance from it. 
(Fis. ,) | 


R u L E. 
Set the Parallel's Diſtance from the given right Circle 
AB, from A and B to D and E, and draw the Parallel 
DE, which is | to 4 B, and perpendicular to the 
Plane of Projection AFBG. 

By the Sector. 


Set the Sine of 23 30! from C to H, n 
n 


PRO v. VIII. Pros. 


To project @ Cirde which is oblique to the Plane of 
Projection. 


E x- 
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Ex A N f L E III. 


Required the Projection of the parallel nee Cir- 
cle DE, whoſe neareſt Diſtance from the Primitive 5 


17* 30, and greateſt Diſtance 45 30%. 


R ul. E. 

Through the Center C draw the Line of Meaſures 
AB, ſet the Circle, neareſt Diſtance from the Primitive 
(viz. 17* 3o') from B upwards to E, if it be above the 
Primitive, or downwards if it be below; alſo ſet its 
greateſt Diſtance (= 45* 3o/ j from A to D; and draw 
DE; from E and D let fall the Perpendiculars EG, 
DF, ſo is DE projected into FG tlie conjugate Dia- 
meter of an Ellipſis: Biſſect FG in H, and through 7 
draw I perpendicular to FG, which make = DE = 
the tranſveſe Diameter; upon the two Diameters IR. 
FG deſcribe the Elliplis FIG by Prop. 18, B. 1 
which n Ruderer = given obli que Circle. eh 


By WL Ser l SETS ek 
Set the Coſine of 45* 20/ from C (the Center of the 
Primitive), to Fe as alſo the Caſine of 17% 30! ton 2 
to & (viz. both Ways, if the Circle jncampaſs the Po o | 
C, but the ſame Way if it lye on one Side py biff 
F in H, and draw I perpendicular to TG, alſo make 
Hl, HR each equal to the Radius of the giyen Circle, 
or the Sine of its Diſtance from its own Pole; on elf 
— deſcribe an Ellipſis, and it is done.” 


PRO 


* 
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PA O. N. PRO. 
. eee e I 


»þ : 


La 5  SSwo 


Gen an _— 2 the 70. thereof is re- 
quired. - (Fi s. 90 


„ RU x. 


Draw the conjugate. Diameter H through C the 
Center of the primitive Circle, from X and H draw DR 
and HE + HR, or make DE = GI, and biſſect DE 
in F; from F draw — 
the Pole . 


( 


By the Seftor. 


Meaſure CK, CH on the Sines; then take the Sine 
of Half their Difference, and ſet from C to P, if C lye 
between K and H; but if K and H be on the ſame Side 
of C, then the Side of their half Sum muſt be ſer from 
C wo, 7 the required _ * a 


= U. 2 b R Nb 


To meaſure any Part of «para ik 1 e 
Newt of Doorn them e e 


"EXAMPLE V. B 28 UG 


 #s, « 2. 4% 0 


* Required the Meaſure of che. Par: K of the Para! 
c or to lay any Degrees, &c. theren. 


RuLE 


* 
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RU IL E. 


Through the Extremitics of the Arch &, I, draw 
the Radii EC, EH, and draw the primitive Circle 
ABCD; then the Arch CH is 3o* 15 = the Arch 
KT; or 30* 15/ ſet from C to N, and Lines drawn there- 
from to E, will cut off an Arch KI = 30 15. (F. 6.) 


PR OP. XI. PROB3. 


To meaſure any Part of @ right Circle, or to lay any 
Number of Degrees thereon. 


ExAMPLE VI. 


Let it be required to find the Meaſure of the Part 
AB of the right Circle DE. (FIG. 10.) 


RU l x. 


Upon the Diameter DE deſcribe the Semicircle 
DFE, draw AF perpendicular- to DE, alſo from B 
draw BH parallel to AF, fo is FH = 20* = the Mea- 
fare of AB; or if 20* be ſet from F to H. and HB 
be drawn parallel to AF, it will give the Part AB = 
20˙ 

It che right Circle paſs through the Center C of che 
Primitive, as KI, and the Part CG is to be meafured ; 
then C: being drawn perpendicular to KT, from G draw 
Gd parallel to Cc to cut the Primitive in d, ſo is cd the 
Meafare of CG; the Reverſe vf this will ane GP = 


— IINNE” : 
V 
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By the Sector 
Make 4D (= AE = AF) che parallel Sine of 90; 
then will 45 be = the Sine of 207%. Or 20“ being 
taken from the Sines, and ſet from A towards E, will 
give AB. Ia like Manner is CG meaſured, by making 
CK (= CI = Cc) a Radius of go* on the Sines, and 


then CG meaſured. thereon, will giye the Degrees, bc. 
thereof ; — 
G will ge. J 


Fes: XI Pros. 
To megfure any Arch of an Ellipfu. 


_—  — — 
VII. 


Let ADF be a given Ellipfis; to find the Meaſure 
of the Arch DE. (Fs. 110 


— 


EXAMPLE. 


ERL k. 
Upon the tranſverſe Axis AF deſcribe the Circle 
; through the emream Parts of the Arch DE, 
draw G and HC perpendicular to the Axis AF, to 
cut the Cirele 1 BF in B, C; then the Arch BC is 
the Meafure of the arch DE= _ 


| ge XIII. Sores. 


7 OP fag oo Dans 6 6d of a 
a, 2 


4 
— 


3 | go 3 
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ExA NT IL k VIII. 


Let it be required to ſet 30“ 10! upon the elliptical 
Arch ADE, from B F. eter 119 11761 


Ka. 


pon che travifrerle Axis AF draw the Circle ABE, 
* 0 the laſt Prop. and through D draw G B perpen- 
diculat to AF, which will cut the Arch ABF, in B. 
Make BC = zo! 10, and from C draw CH parallel to 
GB, to cut the Arch of the Ellipſis in E, making DE 
= 30* 10ʃ, 22 | 


* 
—— — — — — 


SECT: III. 


Tnzoztns of the STExZzoGRAPHIC Pxojtc- 
TION of the Senzzz. 


Pack ©. 


Any Point on the Sur face of the Seer is reales 
into a Point on the Plane of Projettion," diſtant from the 
Center, the Semutangent of its Niftance from the 1 

Poſite to the projecting Point. Cre. 12 


4 


ET P be tlie projefting Point, Hes Nin te 
ſite to it, A, and & tho Points on the Sphere's 


Surface to be projected; from the projecting Point P 
draw the Rays PA, PG; which will cut the Plane of 
Projection DF, in Band F; then is CB the Tangent of 


the 
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the Angle CPB, or the Semitangent of the . AC, 
which is = the 8 e ja fe Semeragent 


2 6 II. 


A right Line in the remote Hemiſphere is projected 
into @ right Line leſs than itſelf, but in the contiguous He- 
m/} — it 15 82 ecged into a Line greater than itſelf. 
or let D FG be the rwo right Lines; from P 
draw PD, PE, to cut the Plane or̃ AB in 
X, IL. fo is KL the Projection of DE; alſo from P 


draw PF, PG to cut AB extended, in H, I; then HI 


is he Projet uon of the right Line FG. EE. B. (F. 130 
Pxo r. III. 


Ne Diameters of all Circles great or little, are pro- 
jected into the Line of Meaſures; the Extremities of whoſe 
projected Diameters are diſt ant from the Center of the Pri- 


mitiue, the Semitangents of their neareſt and greateſt Diſ- 


tances from the Pale oppoſite the projetting Paint. 


Lex FG be the Diameter of the pipe Circle, whole 
Diameter is HR, on whoſe Center L deſcribe 


the Circle HKG, or HKE; now EF being drawa, 
GH-is the Tangent of the < CEH; but the < CEH 


Tangent of 4 = DE, "or the Semitaugent of the Arch 
DF. In like Manner is the Tangent of the . 
CE equal to CK, and asthe CE A is (by — 


Elements) = 1 << DCG,, therefore CK is = the Tau- 
gent of Half the . DCG, or the Semitangent of the. 


Arch DG. 2 * Gia. 14:28) * 102 Cr '3 


(by the Elements) is = 3 <- D, therefore CHis =. 
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Cox. 1. The Points of Interſection between the 
Line of Meafures and the Periphery of any oblique 
great Circle, within and without the Primitive, are dif- 
tant from the Center of the primitive Circle, the Tan- 
gent and Co-tangent of Half the Complement of; the 
Circle's Inclination to the Primitive: For CH is S the 
Tangent of 4 the 2 FCD. 

Co x. 2. Hence may be gathered, chat the Centers 
of all projected Circles are in the Line of Meaſures, 
and diſtant from the Center of the primitive Circle, 
Half the Difference of the Semitangents of their neareſt 
and greateſt Diſtance from the Pole. oppoſite the pro- 
jecting Point, if the ſaid Pole lie within the Circles; 
but if the Pole lie without, Half the Sum of the Semi- 
tangents will give the Center. 


 Paor . 


The projefted Center of any leſſer Circle perpendicular 
to the Plane Projection, is in the Line of Meaſures, 
diftant from the Center of the Primitive, the Secant of 
the leſſer Circles Diſtance from its own Pole, and its Ra- 
dius is the Tangent of the ſaid Diſtance. 


Let E be the projecting Point, FG the Diameter 
biſſected 


thereof which is projected into HK, and 
in L, is Center of the projected Circle. Draw'GL = 
the Tangent of the Arch BG = Diſtance of the parallel 
Circle from its Pole B, which is likewiſe = the Radius, 
as CL is = the Secant; for in the right angled Triangle 
CGL, right angled at G, if CG be made a Radius, it is 

evident that GL is the Radius and CL the — 
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Ach BY wu the Taree» Wilente from tes owt 
Pole. 1 19 


15 V. 


The Gauer of a great Circle when projefte, i in the 
Line of Meaſures, fan from the Center of the primi- 
tive Circle, the Tangent of its Inclination to the Primi- 
tive, and its Radius is the Secant of that Inclination. 

Let E be the projecting Point, FG a great Circle 
projected in HA the Diameter thereof, whoſe Center is 
L; draw EL, and from E let fall the Perpendicular 
EC, ſo is the Angle HER a right Angle, being in a Se- 
micircle, and the . HEC is = = HLE, alſo their 
Double FCD = CLE, whoſe Complement FCA is = 
CEL, whoſe Tangent CL is the Radius, aud EL che 
Secant of the Arch AR O, E. D. (Fis. 14.) 


Cox. 1. If upon its Center L the great oblique. Cir- 
cle DHE be actually deſcribed, it will cut the Line 


of Meaſures without the Primitive in &; and therefore 
if the great oblique Circle DHE be now conſidered as 
the primitive Circle, whoſe Center is L, all great Cir- 
cles paſſing through H and & will have their Centers in 
the Line NO which now becomes the Line of Mea- 
ſures, being perpendicular to AX. (FIG. 16.) 
Con. 2. Hence it is evident, that one great oblique 
Circle may be drawn to make with another great Circle 
any certain propoſed, Angle; as ſuppoſe a Circle HR 
be to be projected, which is to make ſome given Angle 
with another great oblique Circle HE K at a certain 
Point H; through' L the Center of the given great 
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Circle HE N, from the given Point H draw the Dia- 
meter HL RK, and N LO perpendicular to it, which 
is the Line of Meaſures, then the Tangent of the pro- 
poſed E HI being ſet from L upon the Line of 
Meaſures, will give the Point M, the Center of the 
required Circle HRK. 

Alſo if an oblique Circle Nrl be drawn to cut the 
great oblique Circle N Hg at N or g, the Center of 
that Circle will be at x in the Line 79; and as M, g are 
not oppoſite Points of the Circle N Hg, therefore any 
Circle Nr g paſſing through theſe Points, will be a leſſer 


Cid, excepe the cde 7 Hg. 


PRO r. VI. 


The Poles of any Circle great or little, are projected 
into the Line of Meaſures, within and without the Pri- 
mitrve, and diſtant from its Center, the T angent and 
Co-tangent of Half its Inclination to the Primitive... 

Let P, P be the Poles of the Circle AB, which are 
projected into the Line of Meaſures HT in I and 5; 
therefore K, 5 are the Poles of the Circle IB. The 
GCP (= <. DCH) is the Inclination of the Circle 
AB to the Primitive, and CK is = the Tangent of the 
£< CFK, and as CFK is = GCP, by the Elements, 
therefore CK is= Tangent of 4 2 GCP = Tangent of 
Half the Circle's Inclination to the Primitive: In like 
Manner C's is the Tangent of the CF, or the Co- 
tangent of the CF. CIP 


the Inclination. (F16. 17.) 
Gon: The Pole of the Primitive Circle in Center; 
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alſo the Pole of. any right Circle is in the Primitive. 
The projetted Centers of all Circles lie between the 
POT ae hog | 


SECT. Iv. : 


* of the STEREOGRAPHIC' ProjzctiON 
of the SPHERE. ' 


. 8 8 1 5 
s +a P * . SY 


PRO. 1 re 
e Pole ne Circle ABCD. 


N ui 2. 


e 


Sabi the Circle, by drawing the Diamerers AC 
and BD perpendicular to each other: their Point 
of Inectſoftion E is 2 * ye 


" WP 0 IU n. PA O R. 
To find the Poles of "right Circ BED. 


TH Ae 


Through E the Center of the Primitive draw IEC 
perpendicular to BD, to cut the Primitive in . and C 


OY Oe 5 ws 

By the Seftor,” 
Rn from &. or D hock Ways tp 
"MH the Poles of the right Gircle BED. (F.18,) 


Pxoe. 
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Pxor. NIE.  Prxon. | 
To find the Poles of an oblique Circle BLD. 
—_— ES 


Draw DL to cut the Primitive in M, make BG = 
AM, draw G FD to cut the Line of Meaſures ri in 
F, ſo is Fthe interior Pole of the oblique Circle BLD. 
Then to find the external Pole, through E draw GEO, 
to cut the Primitive in ©, through which from D 
draw DO to cut -I in r, fo is r the external Pole 


required. (F16. 19.) 
If it be a leſſer Circle FH; * 4 Lins of Mea- 


ſures rl, and from D draw DFG, Dto cut the 
Primitive in G and K; biſſect the Arch GK in P, and 
from P draw PpD to cut I in p, the internal Pole of 
the leſſer Circle FH; alſo draw PEN, and from D 
draw ä to cut 7 7 in q the exterior Pole required. 


By the Sector. 


Meaſure EL on the half Tangents, ler the Tangent 
of Half its Complement from E to the internal Pole F, 


as alſo the Tangent of that Complement from F to the 
external Pole r. (FIG. 19.) 


If it be a lefſer Circle as FHZ, find the Degrees in 
EF and EI, the Semitangent of Half their Sum (if 
the Circle lie all on one Side E, the Pole of Projection) 
ſet from E, will give the internal Pole p, or the Semi- 
tangent of Half their Difference (if the Circle encom- 


paſs the Pole E) will give the fame Pole 2; and the 
; Semi- 
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. give the external 
Let 


1 Iv. $0 


n 4 aw a Circle parallel to the Primitive ABCD, at 
40* Diſtance fromit, So! from its Pole E. Fis. 18) 


Ru 1 K. 


Make AF = ae" = the Punk s Diſtance from the 
Primitive, and draw AC and BD perpendicular to each 
other; or make BF = 50* = the Parallel's Diſtance from 
the Pole of the Primitive, and draw DF to cut the Di- 
" atnieter AC in G, then with the Radius EG, and Cen- 
tet E, deſetibe che Circle GH the Pardllel required. . 


A 1211 
By che Sector. 
With the half Tangent of 50“, (the Parallel's Dif. 


tance from the Pole of the Primitive) on the Center E 
CHOIR 8 ER the uu Parallel. | 


8 V. Pxos. 


To draw a leſſer Circle perpendicular to the Primitive, 
and parallel to the right Circle BD, at the Diſtance of 
40. J n e e go. from its parallel great 
n * g 


K. 


1 


- 


- Through the Bole Z drow the Line of Meaſures AK; 
make CF = CH = 40 the Parallel's Diſtance from its 
Dd | own 


Book IV. 


own Pole, and draw DF, DK to cut AK in I and XK; 
biſſect IK in &, on the Center G, with the Radius G7 
(= GK) deſcribe the parallel Circle FH. Or EF be- 
ing drawn, from F draw FG A to EF to cut A in G; 
on the Center G, with the Radius GF (= the Tangent 
of 40* = the Parallel's Diſtance from its Pole) deſcribe 
the Circle FH as before. (FIG. 20.) 


By the Sector. 


Make CF = 40* = the Parallel's Diſtance from its 
Pole, with the Tangent thereof, and one Foot in F, 
with the other croſs the Line of Meaſures AK in G the 
Center of the Parallel; or ſet the Secant of 40* from 
the Pole E to G; then with the Radius GF, or the 
Tangent of 40*, and Center G, deſcribe the Parallel 
FH. (Fs. 20.) 
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Prxoe. VI. Pros. | 


To draw a Circle about a given Pole p, at 40* Diſ⸗ 
tance from it, or 50* from its parallel great Circle BRD: 


RULE. 


Through the Center E and the given Pole p draw. 
the Line of Meaſures I, draw DpP to cut the Primi- 
tive in P, and make PG = PI = 4o* = the ParalleF's 
Diſtance from its Pole, or ſet 50* (the Circles Diſtance 
from its Parallel great Circle GRD) from B to &, and 
make GP = PT = 40 as before; then from D draw 
DC, DI, which vil cut rl in Fand I, fo will FI be 

the 
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the Diameter of the Parallel, which biſſect in c the Cen- 
ter, on which with the Radius cF c deſcribe the Cir · 
cle FHI which will be diſtant 40* from its Pole p, and 
5oꝰ from its Parallel great Circle CRD, as was required. 
(Fis. 219 | 

By the Sector. 

Meaſure Ep on the Semitangents (= 750", then ſer 
the half Tangent of 70 — 40* = 3o* from E to F, as 
alſo the half Tangent of 70 + 30*= 100* from E to 
I; round the Diameter E deſcribe the Circle FHI the 
Parallel required. 

Note, If the Circle lie all on one Side E, theſe 
half Tangents are ſer the ſame Way from E upon the 


Line I, but if the Circle encompaſs the Pole, each is 
ſet its own Way. 


PA O r. VII. Pros. 


To draw a great Circle through any two Points A, B 
within the primitive Circle DEGH. 


RvuL k. 


Through. A (the Point fartheſt diſtant from the Cen- 
ter of the Primitive) draw the Diameter DL, at right 
Angles to which through the Center C draw another 
Diameter EH; draw AE, and from E erect the Per- 
pendicular EK, to cut DL continued in a third Point 
K. Through the two given Points .4, B, and this laſt 
third Point &, draw the great Circle 1 BK, cutting the 
Primitive in oppoſite Points 7, G. (Fis. 22.) 

Dd 2 
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By the Sector 


Find the Degrees in C. A4; the Pg DIE of whoſe 
Supplement ſet from C to X, ſo is & a third Point, 


through which draw a great Circle [BK as before. 
Or thus; | 
Meaſure CA on the Tangents, ſet the * of 
its Complement from C to K. 


Pier VIII. POB. 1 
To Sow a great Girele mu 4 given'Pole F. 


nr. 


Through the given Pole F 4 the Line of Mea- 
ſures AH, at right Angles to which through the' Cen- 
ter E of the Primitive draw the Diameter BD; through 
the Pole F draw DFP, and make PH = BP; alſo 
from H draw HD, which will give the Point H, the 
Center of the oblique Circle: required, on which with 
the Radius HB or HD deſcribe the great Circle BTD. 
(Fi6. 23.) 


l 


By the Sector 


Apply EF to the 3 fs. the Tangent of | 
hel Dn fan Fn the Center of the roquired 
great Grade N. at HAS 3.2235 0 ; 


* ee 
+ 


TR Prop. N. Pb 6 _ 


T draw ce rad « given Poe A, to s poſt 
through a green Point B. . ww 24). 


RuLE 
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Ru x. 


Through the given Pole A, from he Cine Came 
the Line of Meaſures C. IH, alſo through A, B de- 
ſeribe 2 great Circle-E BF whoſe Center is G; draw 
GB, and from B draw BD perpendicular to GB, to 
cut CAA in D; on the Center D, with the Radius 
DB deſcribe the Circle BXHI, and it is done. For 
by the Conditions of the Prob. the Arch AB is the 
required Circle's Diſtance from its Pole 4; and as GB 
is the Radius of the Arch AB, therefore BD being 
erected perpendicular to GB, at B in the Periphery, 
will be a Tangent Line to the Arch AB; which tan. 
gential Line cutting C.AH in D, will (by Prop. 40 be 
the Radius of the required Circle. 


PRO r. X. Pxos. 


25 draw @ great Circle perpendicular to the Primitive, 


to make an Angle of any 1 (Juppye 50 9 : 
at the Center 6 


LIES BY % & % va | 
- Let" ABOD be e nde Circle, whoſe Pole is 
E; through E draw AEC and BED perpendicular to 
each other; make BK = DI = 50* = the Quantity of 
the propoſed Angle, a them © through the Pole E 
draw the right Circle K E I, which will make an 
BEX = DEI at the Center of the Primitive = 50*, as 
. is. 159 221 


| 8 
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PRO r. XL Pros. 


To draw a great Circle to make an Angle with the 


— — ca c. ( ſuppoſe 
50* 


R u LE. 


Quarter the Primitive, by drawing the Diameters 
AFC, BFD; then ſuppoſing AFL the Line of Mea- 
ſures, make AK = = 50* = the Quantity of the propo- 
ſed Angle, and DM = 2 KB = twice the Complement 
of the Inclination = 80*, or BM = 2 AK = Tie he 
Inclination = 100“; draw DER, DML to cut the 
Line of Meaſures in E and L; on the Center L, with 
the Radius LE deſcribe the great oblique Circle BED, 
making an Angle at B with che Primitive of 50* (F.25.) 


By the Seftor. 


Draw the Line of Meaſures AL, ſet the half Tangent 
of 40* (the Complement of the Circle's Inclination to 
the Primitive) from F to E, as alſo the Tangent of 50* 
(the Quantity of the Inclination) from F to l; with the 
Radius LE and Center L, deſeribe the great oblique Cir- 
cle BED which will cut the Primitive in B and D, 
and make therewith an Angle of 50“, as was required. 

Or thus; | 

Set the 'Tangent of the Inclination (50*) from F 
to L, with the Secant thereof, and Center L, ſweep 
the Circle BED, and it is done. 


Pao. 
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'Prxoe.: XII. PrxoOsB. 


Jo draw a great Circle through a given Point P, to 
make a given Angle ( ſuppoſe 30*) with the Primitive 
ABCD. (Fro. 26) 


Ru L k. 


Through the given point P and Center E draw the 
Diameter AEC; make AG = twice the propoſed Angle 


= 60*, and draw CHG, to cut BED in H; fo EH is 
the Tangent of the propoſed Angle, or Tangent of zo“, 
with which ab a Radius, on the Center E deſcribe the 
Circle HIK, in ſome Part of which, the Center of the 
required Circle will 'be found, as the Centers of all 
great Circles (by Frop. 5.) are diſtant from the Center 
of the Primitive, the Tangents of their Tnclinations to 
the Primitive, and their Radii'the Secants of theſe Tn- 
clinations. Now as CH is evidently the Secant of the 
HCE, it is che Secant of the given E of 302, and 
conſequently rhe Radius of the required Circle; there- 
fore with the Radins CH, and Center P, croſs the Cir- 
cle HIK in K. With the Radius XP, and Center I, 
deſcribe the Circle FPL required. 


By the Sefr. 


Wich the Tangent of 30*, and Center E, deſcribe 
the Circle HR; with the Secant thereof, and Center 
P, croſs the Cirde HIK in K. On the Center &, and 
Radius XP, deſcribe the FL as before. (FIE. 26) 


Pxoe. 
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P x o r. XIII. Pxos. 


To. draw a great Circle to make a Angle of any 


Number of Degrees, Oc. (ſuppoſe 25. 39') with. @ 
given oblique Circle ER, at a given Point P , ' in-that 
Circle. (FIG. 27.) 


Rox . 


Through FP given Paint 5 and Center Sd the 
right Line BD, alſo through 8 drew 4 4. 0 BD, 
and from A drew APF to cut the primitive. Circle. in 
F; make CI = 2 B, from I draw. JA to cut BD in 
M, and through M draw O. parallel to.. in which 
Line O0. will be found the Centers of all great oblique 
Circles paſſing through the Point P. Find H the Cen- 
ter of the given oblique Circle Ep, and make an . 
e 300 and draw PN; on the Center N. 

ich the Radius NP deſcribe the Circle GPL, which 
uli i 13 EPK in P, — en 
of a0! Fe n . £11: f of ene 


k * = N * of - * N 
2 7. 145 þ * 


By the ash Re 1 
Through SP draw the Diameter BD, — 
& draw AC 4. BD; meaſure SP on the 
ſer the Tangent of izs'Compleincit# from $ to M, and 
through Mdraw O, L BD; find the Center H, mea- 
fare MH EA 00 on the Tangents, then 41 O0 
— 25 30 = 15* 30%, the Tangent of which ſer from 
M to N, the Center of the required Circle. Note, If 
one Circle is to be drawn perpendicular SR 7 | 


* 
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act Ris; cid ee 
to the right Circle BD, paſſing through its Poles 4, 
bee oy wt ao | 


Pros. XTV. P02. 


e « green Hoi p to draw a great Circle, to 
nale 4 given Angle (= 70 o with 4 given 9 
. BD. (Fis. ns... 


R . x. 


1 great Circle Ex about the given Point P 
conſidered as a Pole, by Prop. 8, and find p the Pole of 
the given great Circle BD, by Prop. 3, round the Pole 
5 draw the lefler Circle IXL (by Prop. 6.) at 70* Dif. 
tance from it, to cut the great Circle EF in I; around 
the Pole I draw another great Circle EPF (by Prop. 8.) 
which will not only paſs through the given Point P, but 
will alſo cut the given great Circle BD, and make an 
Angle with it of 70*, as was required. For as þ is the 
Pole of the given great Circle BD, and 7 is the Pole 
of the required Circle EPF, thoſe two Poles are diſ- 
tant from each other, the Space of the leſfer Circle 
IKL from its Pole, viz. 70* (rhe Quantity of the given 
Angle); and conſequently the two gfear Circles muſt 
interſect each other in an Angle of 58 ; 


By the Seftor 


Through the Center C and the given Point P draw 


Bis right Line CP, ad p the Pole of the given great 
E e | Circle 
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Circle BD, meaſure CP on the Semitangents, ſer the 
Tangent thereof from C to x, with the Radius Ex, or 
the Secant of the Degrees in C, and Center x, deſcribe 
the great Circle EF. Then Cp meaſured on the Se- 
mitangents is 34 „ and 70 — 34 = 367; therefore 
make Cr = Tangent of 18*; alſo 70 + 34 = 1047, the 
Tangent of whale Hal 52 fe rom @ wo around 
the Diameter rs de the ſmall Circle IML, to cut 
EF in J; again, find the Degrees in Ci, the Tangent 
of which ſet from C to v; on the Center v with the 
Radius Ev, or the Secant of the Degrees in CI, deſcribe 
the great Circle EPF, which will paſs through the 
Point P, and cut the given great Cirele BD in an An- 
gle of 70 Degrees, as was required: .. 


PR O p. XV. Paos. 


Given two great Circles BE, FD, through which a 
great Circle is to be drawn, to make an Angle 72 
with BE, and of 56* with FD. (Fis. 29.) 


 RuouLze 

Find x, v the Poles of the given great Circles BE, 
FD; about theſe Poles draw two ſmall Circles prn, pon 
(by Prop. 6.) at the Diſtance of 72 from the Pole x, 
and of 5 6* from the Pole v; about their Point of Inter- 
ſection 4 deſcribe the great Circle 4 G, by Prop. 8, 
which will cut BE and FD at the required Angles. 


Paor. M Pros. 


To meaſure any Part FH of a great oblique Circle 


BFE, or to lay any Number of Degree thereon. . 30.7 
RuLE 
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Ru E. 


2 
through the Extremities of the Arch EH draw PG, PA, 
to cut the primitive Circle in G and A; then the Arch 
AG is the Meafure of FH = 519: Or lay the Chord 
of 51* from A to G, and draw AP, GP to cut BHE 
in F, H, fois the Arch H= 51“, Or, if you uſe 
the external Pole p, ſet the given Degrees (51) from 
D to I, and draw pHI, pF, cutting off an Arch FH 
= Meaſure of the Arch D/=51*. Or the Pole y be- 
ing found, if from p you draw pFD, pl, it will cut 
pit an Arch FH as before. (FI. 30.) 


Pxo?. XVII. Pxos 


Bo mogfire any Part FE, of a right rel an or to 
ft any Number of Degrees therem. 9 25. 


1 


by the Pole D draw the Line DEX, to cut the 
Primitive in X; then BIT meaſured on the Chords, is 
36* = che Meaſure of FE, as alſo is AK = 54* = the 


EY 


By the Sector. 
Take FE in your Compaſſes, and 3 it to * 


Tangents, and it will give 187, whoſe . 36˙ is 
— of 


> 2 wh 7 YOR 2H Or 
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Or the Tangent of Half the given Degrees ſet from 
F towards A, will give FE = the ſaid Quantity. If 
the Part AE is to be meaſured, apply it to the Tan- 
ts from 45 backwards; or if the Degrees are to be 
from A towards F, cake of the Degrees from 45 
towards the Beginning of the . and ſet from 
A towards F. | 


pro. XVII. Pros. 


7 meaſure any Part NO of a Me Circle NRS, or to 
lay any Nuniber 9 a. (F16. 31.) 


fo hi, 


Find P, p R 
given Circle NR&, alfo let ABCD be the primitive 
Circle, whoſe Pole is E. PN meaſured is 64* = Diſ- 
tance of the given Circle NRS from its internal Pole P, 
alſo 180* — 64*= 116* its Diſtance from its external 
Pole p; then with the Tangent of 58* (= 116* + 2) 
deſcribe the. Circle [GH parallel to the Primitive; 
through the Extremities of the Arch NO, from the in» 
ternal ole P draw the right Lines POE, PNp, to cut 
the parallel Circle ict i in and F, then is IF the 
Meaſure of the Arch NO = 577. Or 57 being ſer 
from /to F, and the Lines INP, N being drawn, 
will cut off the Arch NO. | 

Or thus; draw a Circle KL. parallel to the Primi- 


tive, at 64* Diſtance from it (viz. the given Circle's 
Diſtance from its external Pole p); from 5 draw the 
Lines NMH, pOG, which will cut off an Arch TD, = 
ER 575 
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57* = the Meaſure of the Arch NO. Or if 57* be 


ſet from T to Q, and the Lines pNH, 
drawn, will cut off an Arch NO as before. 18 


5 Por. XxX. PRO B. 
To meaſure any Angle FEB. 
R u l. E. 


Find the Poles M, Nof the adjoining Sides FE, BE, 
by Prop. 3, (the neareſt if the Angle be acute, but the 
furtheſt if it be obtuſe); through the angular Point and 
theſe Poles, draw Lines to cut the Primitive in & and L; 
the Chord of the Arch KL is 35 *= the Meaſure of 
the given Angle FEB. (Fre. 32.) 

Or thus; about the angular Point E, as a Pole, de- 
ſcribe the great Circle FMG to cut the © Sides 
FE, BE in Fand O; thro? theſe Points F, O, from 
the angular Point E draw Lines to cut the Primitive in 
I and A, then the Arch TH is the Meaſure of the An- 
gle FEB = 35", as before. 


GENERAL PROBLEM. | 

pP project the Sphere on any Plane. 

Before the Circles of the Sphere be projected upon 
the Plane of any of its Circles, it is requiſite that you 
be acquainted with the Poſition of ſeveral of the prin- 
cipal Circles of the Globe, their Names and other aſtro- 


nomical Terms made uſe of in a Work of char Sort. 
The 
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The Names of the principal Points, Circles great and 
| fall, Angles and circular Arches are as follows. 
1, PoiwnTs. 


1. The Zenith Z is the vertical Point, or that Point 
in the Heavens which is directly over our Heads. 
(F16. 33, 34, 35, 36.) 

2. The Nadir is that Point which is oppoſite to the 
Zenith and is directly under our Feet, as N; * 
Points are the Poles of the Horizon. 

3. The Poles of the World P, p are thoſe Points, 
upon which the Earth turns in its diurnal Motion round 
the Sun. 

4. Equinoctial Poines are * Points of InterſeQion of 
the Equinoctial and Ecliptic, as V ©. 

5. Solſtitial Points S V are go diſtant from the 
Equinoctial Points. 


2. GREAT CIIACLES. 


1. The Equinoctial FG is diſtant from the Poles of 
the World go Degrees. 

2. Meridians, are Circles paſſing through the Poles of 
the World, and cutting the ano at right An- 
gles, as PFp, P © p, &c. | 

3. The Equinoctial Colure, is a Meridian cutting 
the Ecliptic in the Equinoctial Points V and S, as PEp. 

4. The Solſtitial Colure, is a Meridian paſſing through 
the Solſtitial Points, P p. 

5: Elliptic, is that Circle through which the. Sun 


ſeems to move in the Space of a Tear; it TO 


88. IV. p Of the Sr HERE. 213 


to 12 equal Parts called Signs, whoſe Characters are 
TY, S, A, 5, K, m, =, m, 7, Y, , X, and read 
thus, Aries Taurus, Gemini, Goes, Leo, Virgo, 
Libra, Scorpio, Sagitary, Capricorn, Aquaries, Piſces. 

6. Horizon, is a Circle 90* diſtant from the Zenith 
and Nadir, as AC. 

7. Azimuths, are vertical Circles paſſing through the 
Zenith and Nadir, as Z ON, 

8. Circles of Longitude, "mob hrongh the Poles of 
the __ 


3. LESSER CracLEs. 


1. Tropics, are two Circles parallel to the — 
tial, and diſtant from it 237 3o/ ; the one is called the 
Tropic of Cancer, being on the Northern Side of the 
Equinoctial; and the other the Tropic of Capricorn, 
being on the South Side of the Equinoctial. a 

2. Polar Circles, are diſtant from each Pole 24* zol; 
that towards the North Pole is called the Arctic Circle, 
and that towards the South, the Antarctic Circle. 


3. Parallels of Latitude, with Reſpect to the Earth, 
are parallel to the Equator. 
4. Parallels of Latitude, with Regard to the Hea+ 


vens, are parallel to the Ecliptic. 
5. Parallels of Declination, are parallel to the Equi- 
noctial, as HMI. | 


6. Parallels of Altitude, are ſmall Circles parallel to 
the Horizon, as K OL. 


4. An- 


——— — 
= 


——— —«õ—„ — - a — 
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4. AnGLEs and CixcUuLAR ARCHES. 


1. Azimuth, is an Arch of the Horizon, berween a 
vertical Circle and the North or South Points of the 


whoſe Supplement BC is the Azimuth from rhe North. 

2. Amplitude, is an Arch of the Horizon, between 
the Sun at his riſing, or ſetting, and the Eſt or Weſt 
Points of the Horizon as EN. 

3. Altitude, is an Arch of an azimuth Circle berween 

the Sun or Star and the Horizon, as © B. 

4. Right Aſcenſion, is an Arch of the Equinoctial, 
berween the firſt Point of Aries and that Meridian which 
paſſes through the Body of the Sun or Star, as W o. 

5. Aſcenſional Difference, is an Arch of the Equinoc- 
rial intercepted between the Sun's Meridian at his Riſing, 
and the Hour-circle of fix; or it is the Angle at the 
Pole between thoſe two Hour-circles. 

6. Oblique Aſcenſion, is the Sum or Difference of 
the right Aſcenſion and aſcenſional Difference, 
7. Sun's Place or Longitude, is an Arch of the Eclip- 
tic, between the firſt Point of Aries and the Sun, as V O. 


ExXAMPLE I. 


To projet the Sphere on the Plane of the Meri 
for Lat. 54 2, at Half an Hour pſt 9 o Clock befor 


Noon, Mey 15, 1769. 
1. Orthographically. 


With a Chord of 60o* deſcribe the primitive Ciede 
 ZANC, 


Horizon, as .AB is the Sun's Azimuth from the South, 


T 
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Z ANC, repreſenting the Meridian; ſet the Chord of 
the Lat. (54 ) from C to P, and from Z to F, and 
draw FEG the Equinoctial, and P Ep the Earth's Axis, 
or Hour- circle of Six. By Prop. 8, draw the Meridian 
PO, at 34 Hours (or 52 300) from Six; ſet the Sun's 
Declination for the given Time (197) from G to I, 
and from F to H, and draw the Parallel of Declination 
HI, to cut the Hour-circle POp in © the Place of 
the Sun at Half an Hour paſt 9 o'clock before Noon. 
Through © draw the Parallel of Altitude K OL; alſo 
draw the Parallel of Twilight 18* below the Horizon, 
Ss. Through © deſcribe the Azimuth Circle Z ON 
by Prop. 8. Then MN meafured by Prop. 11, and 
converted into Time, is what the Sun riſes before Six; 
CD is his Altitude at Six, CL (= AK) his Altitude at 
Half an Hour paſt Nine, 4B his Azimuth from the 
South at the ſame Time, BC his Azimuth from the 
North, and E ©, his Altitude when due Eaſt. EN is 
the Sun's Amplitude at riſing or ſetting. As the Parallel 
of Twilight is not cut by the Parallel of the Sun's De- 
clination, therefore there is no real Night in that Lati- 
rude, but Twilight. (FIG. 33.) 
2. Stereographically. 

With a Chord of 60“ deſcribe the Circle Z ANC 
for the Plane of the Meridian; draw AC the Horizon, 
at right Angles to which draw the prime Vertical Z N. 
Set the Latitude 54g from C to P, and from Z to F, 
and draw the Axis P Ep, at right Angles to which, 
through the Center E, draw the Equinoctial FEG; fo 
is P the North Pole of the Globe, and þ the South 

| £ Pole 
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Pole. Set 34 Hours (or 52 3o/) from E to O upon 
the Equinoctial, and draw the Hour-circle POp by 
Prop. 11. By Prop. 5, draw the Parallel of the Sun's 
Declination 19* for May 15, HOI, which will inter- 
ſe& the Hour-circle PO in © the Sun's Place. Thro? 
© draw the Parallel of Altitude K OL, by Prop. 5, 
and the Azimuth Circle Z ON, by Prop 11; alſo draw 
Ss parallel to the Horizon, at the Diſtance of 18* be- 
low it; this is the Parallel of Twilight. Through ©, 
by Prop. 14, draw a great Circle VO, to cut the 
Equinoctial FEG in an Angle of 233; this Circle is 
called the Ecliptic. (FIG. 37.) 

Now it is evident by the Projection, that at 12 o'Clock 
at Night the Sun is at J, riſes at N, is upon the Axis 
(or Hour-circle of Six) at M. full Eaſt at Q, at O at 
Half an Hour paſt Nine in the Morning, and at Hat 12 
at Noon. The Arch MN meaſured, and converted into 
Time, is what the Sun riſes and ſets before and after 
Six o'Clock; A5 meaſured by Prop. 18, is the Sun's 
Azimuth from the South, and BC his Azimuth from 
the North; or the - 4ZB meaſured by Prop. 19, is 
the Azimuth from the South, and the <. BZ C (= Sup- 
plement of the AZ B) the Azimuth from the North. 
OB meaſured by Prop. 16, is the Sun's Altitude at Half 
an Hour paſt Nine, QE his Altitude when Eaſt, and 
CD his Altitude at Six in the Morning and Evening. 
EN meaſured by Prop. 17, is the Amplitude North, at 
the Sun's riſing or ſetting. VO is the Sun's Longitude, 
and VO his right Aſcenſion at the given Time. (FI G. 34.) 


Ex- 
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II. 


To project the Sphere on the Plane of the Meridian 
of the ſolſtitial Colure, for May 22, 1769, at 10 o'Clock 
in the Morning, Latitude 543. 


Stereographically. 


Let PFpG be the Plane of the ſolſtitial Colure; 
draw P Ep the Axis, and FG perpendicular to it for 
the EquinoQtial Make FS = 23 1, and draw S EN 
the Ecliptic. Set the Sun's Longitude 6157 from 
to ©, by Prop. 17, and through © draw the 10 O'Clock 
Meridian P Op. Make XT = 30* or two Hours, and 
draw P Rp the Meridian of the Place. Set the Lati- 
rude 54 upon the Meridian from X to Z the Zenith 
of the Place, by Prop. 16; alſo about the Pole Z de- 
ſcribe, by Prop. 8, the great Circle 4 HC the Horizon; 
through Z, © draw the vertical Circle Z OB, by Prop. 7. 
Then O meaſured by Prop. 16, is the Sun's Altitude 
at 10 o'Clock, Z O his Zenith Diſtance, IO his Decli- 
nation North, VI his right Aſcenſion, the < LZ O his 
Azimuth from the South, the < PZ O his Azimuth 
from the North, L is the culminating Point, or Point 
of the Ecliptic in the Meridian at the given Time, and 
M is the Point of the Ecliptic ſetting in the Weſt, or 
the Point of Interſection of the Ecliptic and Horizon, 


(Fis. 35. 


EXAMPLE 


ExaM?eLE III. 


To 22 the Sphere on the Plane of the Horizon, 
Lat. 54 , at the laſt- mentioned Time, viz. May 22, 
1769. Ff 2 Stereo. 
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Stereographically. 

With a Chord of 60* deſcribe the primitive Circle 
CED, repreſenting the Horizon. Draw CD for 
the Meridian, and EQ, perpendicular to it, for the 
prime Vertical, or Eaſt and Weſt Azimuth Circle. Make 
ZP = zs '; the Complement of the Latitude, fo is P 
the North Pole of the Globe, about which, by Prop. 8, 
deſcribe the Equinoctial E. 4 ; make 46 = zo! (or 
2 Hours), and draw the 10 O Clock Meridian 7 F; 
ſet the Sun's Declination 197, from G to © the Place 
of the Sun at 10 o'Clock, and through © draw the 
Ecliptic Y ©, by Prop. 14, to cut the Equinoctial in 
V and =>, in an Angle of 23, alſo from Z through 
© draw the vertical Circle Z OR. About A as a Pole, 
draw the Six o'Clock Hour-cjrcle EPO,. Then GO is 
the Sun's Declination, OR his Altitude at 10 o'Clock, 
DR his Azimuth from the South, CR his Azimuth 
from the North; VO is his Longitude or Place in the 
Ecliptic, VG his right Aſcenſion, & the Point of the 
Ecliptic that is in the Meridian, T the Point of the 
Ecliptic that is riſing in the Eaſt, H is the Point of the 
Ecliptic ſetting in the Weſt ; the = CTS or STD is 
the Cuſp of the Aſcendant, and the . CHS or SHD 
js the 99 of the Deſcendant. (FIG. 36.) 


9 


BOOK V. 


SPHERIC T RIGONOMETRY, er the DOCTRINE 
of SP HERIC I RIANGLES. 


DEFINITIONS. 


Pheric Trigonometry teacheth us to meaſure the 
Sides and Angles of ſpheric Triangles. 

2. A great Circle of the Globe or Sphere is ſuch, as 
divideth it into two equal Parts or Hemiſpheres; theſe 
Circles are infinite in Number, but the fix following are 
accounted the chief, viz. the Equinoctial, Ecliptic, Me- 
ridian, Horizon, and the Equinoctial and Solſtitial Co- 
lures; which Colures are Meridians, the one cutting the 
Ecliptic in two oppoſite Points V and , and is called 
the Equinoctial Colure; the other interſecting the Eclipric 
in two oppoſite Points S and V, and thence called the 
Solſtitial Colure. 

3. All ſpheric Triangles are made by the Interſeftion 
of three great Circles of the Sphere. 

4. The neareſt Diſtance between any two Places on 
the Surface of the Globe, is an Arch of a great Circle 
paſſing over or through the ſaid two Places. 

F. A ſpheric Angle is conſtructed by the Interſection 
of two great Circles of the Sphere; their Point of In- 
terſection being the Angle; and hence the oppoſite An-; 
gles at DP Interſection are equal, as ACB = ICH 

FiG. 3 
, "Hh greateſt Angle is erer oppolite to the greateſt 


Side, 
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Side, and the leaſt Angle to the leaſt Side; alſo equal 
Angles have equal Sides. | 

7. The greateſt Side always ſubtends the greateſt 
Angle, the leaſt Side the leaſt Angle, and equal Sides 
equal Angles. 

8. Every ſpheric Angle is meaſured upon the Arch 
of a great Circle, at the Diſtance of a Quadrant or 90 
Degrees from it; as ED is the Meaſure of the Angle 
A in the Triangle .4BC, the Arch AE being a 
Quadrant. 

9. As in Plain Trigonometry, ſo in Spherical; the 
Radius is a mean Proportional between the Tangent of 
an Arch, and the Tangent Complement of the ſame Arch, 

10. Any great Circle paſſing through the Poles of 
another great Circle, theſe Circles interſe& each other 
at right Angles. | 

11. The Sides of any ſpheric Triangle .4 BC may 
be turned into Angles, and the Angles into Sides, ever 
obſerving that the Complement of the greateſt Side, or 
the Complement of the greateſt Angle to a Semicircle 
(or 180*) mult be uſed in the Converſion; for in the 
Triangle AB C, the Arch DE is the Meaſure of the 
Angle A, becauſe AD and AE are Quadrants; alſo 
FG is the Meaſure of the Angle FBG (it being the 
Complement of the obtuſe Angle B), and HT is the 
Meaſure of the Angle C, becauſe CH and CI are Qua- 
drants. Then it is evident in the Diagram, that XL, 
is equal to the Arch DE, becauſe XD and LE are 
Quadrants, and LD is a Complement common to 
both: ML is = the Arch FG, becauſe MF and FG 
are Quadrants, and LF is their common 2 
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Mx is = Arch HI, becauſe MH and RI ate Qua- 
drants, and their common Complement is KH; and 
therefore the Sides of the Triangle MKL are equal to 
the Angles of the Triangle 45 C, taking the Comple- 
ment of the greateſt Angle B (viz. the < DBE). Alſo 
it is in like manner demonſtrable, that the Sides of the 
Triangle A BC, are equal to the Angles of the Triangle 
ML, the greateſt Side being equal to the Complement 
of the greateſt Angle to a Semicircle; for AB is equal 
to the Arch EG = the Meaſure of the Angle MLK, 
and BC is = the Arch FH = the Meaſure of the Angle 
KML; alſo AC is = the Arch DI = the Meaſure of 
the Angle HK P = the Complement of the obtuſe Angle 
MEL. And therefore the Sides of any ſpheric Tri- 
angle may be changed into Angles, and the Angles into 
Sides. (FIG. 37.) 

12. The three Sides of any ſpherical Triangle, are 
leſs than two Semicircles. 

13. The three Angles of any ſpherical Triangle added 
together, are greater than two right Angles; and hence 
It is, that the Quantity of any two Angles being known, 
the third is not of courſe known, as it is in plain 
Triangles. | 

14. If any ſpherical Triangle hath one or more of 
its Sides Quadrants, it is called a quadrantal Triangle. 

15. If any ſpherical Triangle hath one or more right 
Angles, it is called a right-angled ſpherical Triangle. 

16. Thoſe Triangles having neither a right Angle, 
nor any Side a Quadrant, are called oblique ſpherical 
Triangles. | | 

17. If a ſpherical Triangle be both right-angled and 


qua- 
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quadrantal, the Sides are equal to their oppoſite Angles, 
as FLMC. 


1 


The SoLUT1ON of the ſeveral Cas xS of RIGHT 
ANGLED SPHERICAL TRIANGLES. 


* 
2 


| _ a _ 


FTUVHERE are in every right-angled ſpherical Tri. 

angle five Parts, beſides the right Angle; as in 
the right-angled ſpherical Triangle A4 BC, the two 
Legs AB, BC, the two oblique Angles A, C, and the 
Hypothenuſe AC are the five Parts; of which five Parts, 
thoſe three fartheſt from the right Angle are never uſed 
in any Operation, but only their Complements; for it 
is plain by the Triangle 4 BC, that if the Hypothenuſe 
AC be continued to a Quadrant, the Arch CD is the 
Complement of .4D to a Quadrant or 90*; alſo ED 
is the Meaſure of the Angle A, and being continued 
to a Quadrant, is the Complement of EI; the Arch 
FG is = the Meaſure of the Angle C, and is the Com- 
plement of the Quadrant FH; and therefore the Hypo- 


thenuſe AC, and the two oblique Angles A and C are 


never uſed in trigonometrical Calculations, but their 
Complements (according to Lord Neper) ; but the Com- 
plements of the Legs AB and BC are AH, and CI, 
which are never uſed, but the Sines themſelves, or the 
Tangents themſelves. 


In 


_ 
——. — — 
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In ha Solution of any right-angled ſpherical Tri- 
angle, two Things (beſides the right Angle) muſt be 
given, to find a fourth (the right, Angle being always 
rejected, and the two Legs ſuppoſed to ſtand together. 
Of which three Things concerned in the Queſtion, one 
is always termed the middle Part, and the other two are 
always Extreams either conjun& (lying together), or 
disjun& (being ſeparated by ſome other Part), And 
therefore to know which of the three Things concerned 
in any Queſtion, is the middle Part, always obſerye if 
the three Parts ſtand together, the Middlemoſt of the 
three is the middle Part; as ſuppoſe AC and AB be 
given, and the Angle A required; here the three Parts 
ſtand together, and the Angle A is in the Middle, 
and is therefore the middle Part, But when the three 
Things concerned in the Queſtion do not ſtand toge- 
ther, that which ſtands by itſelf is the middle Part: As 
ſuppoſe AC and .AB were given, and BC required; 
here the Parts AB and BC ſtand together (the right 
Angle B making no Separation) and AC ſtands by itſelf, 
ſeparated from the others by the Angles A, C, which 
are unconcerned in the Queſtion, = therefore AC is 
the middle Part. (FI d. 38.) 

There are 16 Caſes & ticks angled ſpherical Tri- 
angles, all of which take their Solution from this one. 
univerſal Propoſition, viz. | 

The Sine of a middle Part and Radius, are recipro- 
cally proportional with the Tangents of the Extreams 
conjunct, and Co- ſines of the Extreams disjunct. That is, 

As Radius: Tangent of one Extream conjunct:: Tan- 
gent of the other Extream conjunct: Sine of the middle 
Part. Alſo, Gg As 
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As Radius: Co- ſine of one Extream disjunct :: Co- ſine 
of the other Extream disjunct: Sine of the middle Part. 

When the middle Part is required, Radius muſt come 
firſt in the Analogy; but if one of the Extreams be re- 
quired, the other Extream muſt be firſt in the Analogy, 
and then the Radius either the ſecond or third, it mat- 
ters not which, 

When at any Time a Complement in the Analogy 
falls upon a Complement in any of the circular Parts, 
you mult take the Sine itſelf, or the Tangent itſelf; 
for Co- ſine of Co- ſine is = Sine, and Co-tangent of Co- 
tangent is = Tangent. 

Secants may any Time be introduced into any Ana- 
logy conſiſting of Sines and Tangents, by obſerving 
theſe Proportions, viz. 

1. As the Tangent: Radius :: Radius: the Co- tangent. 

2. As the Sine : Radius :: Radius: Co- ſecant. 

3. As the Tangent of an Arch: Tangent of an Arch :: 
Co-tangent of the latter Arch : Co-tangent of the former. 
4. As the Sine of an Arch : the Sine of an Arch :: 
Co- ſccant of the latter Arch: the Co-ſecant of the for- 

mer. See Martin's Trigon. vol. 2. pa. 103. 

The ſeveral Caſes of right-angled ſpherical Triangles 
are reſolved by ſtereographic Projection, and alſo loga- 
rithmically. 


Right-angled ſpherical T riangles. 
CASE I. 


Given the Hypothenuſe CB = 42* 36, and the Angl: 
C= 54” 40; to find the adjacent Side CA. (F16. 39.) 


1. By 
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1. By ſtereographic Projection. 


With a Chord of 60* ſweep the Circle DEFG, 
make FI = the Chord of 54* 4o/ (the given Angle), 
and draw the Diameter HI; make CB = the Half- 
tangent of 42* 36%, and through B, at right Angles to 
DF, draw the oblique Circle EBG; ſo ſhall 4BC 
be the Triangle in which the Queſirum ſhall be found. 
Then CA meaſured on the Half-tangents is 28 oO. 


2. Logarithmically. 


As Radius — g9o' o — 10600000 
To Tan. Hyp. CB — 42 36 — 9963574 
$0 Coll C — 54 40 — 9762177 
To Tan. C — 28 0 — 9725751 


CASE IL 
Given the Hypothenuſe CB = 42 36, and the Angle 
 C=54* 40/; to fond the oppoſite Side AB. (Fi. 39.) 
1. By ſtereographic Projection. 


Project the Triangle ABC by Caſe 1; then AB 
meaſured by Prob. 16, is 37 $15 


* 
* 


— — 


2. Logarichmically. 


As Radius: S. CB = 42 360 :: S. <C=54* 40“: 
R. 


Gg 2 CASE 


* 


- ABC. Then the < C meaſured by Prob. 19, is 
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CASE III. 
Given the Hypothenuſe CB = 42* 30, and the Angle 
C = 54* 40; to find the other Angle B. (Fits. 39.) 
| I, By ſtereographic Projection. 
Conſtruct the Triangle .4BC by Caſe 1; then the 
Angle B meaſured by Prob. 19, is 43* 55/. 
2. Logarithmically. 
As Radius: Tan. £ C 54 400 :: Col. CB 42 3&: 


Cor. < B 43* 55“ 


CASE VV. 


Given the Hypothenuſe CB = 42* 3&, and the Leg 
CA=28* oo; to find the adjacent Angle C. (Fis. 39.) 


1. By ſtereographic Projection. 


Make CA the Half-tangent of 28* oo, through 
A draw EAG 4. to DF, alſo with the Half-tangent 
of 42* 3& draw the parallel Circle K BA, which will 
cut the great oblique Circle EAG in B; through B 
draw the right Circle HB I, compleating the Triangle 


54 4%. 


2. Logarichmically. 
As Radius: Cotan. Hyp. CB 42* 3& :: Tan. Leg 
CA 28* oo“: Col, £ C 54 40. 


CASE 
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CASE V. 
Given the Hypot henuſe CB =42* 36, and the Leg CA 
= 28* oo/ ; fo find the oppoſite Angle B. (F16. 39.) 
. By ſtereographic Projection. 

Project the Triangle ABC by Caſe 4. Then mea- 
fure the by Prob. 19, which will be found 43* 55/. 
2. Logarithmically. 

As S. CB 42* 36 : Radius:: S. C. A 28ů C: S 
54 4%“. | 
CASE VL 


Given the Hypothenuſe CB = 42* 36, and the Leg CA 
SIE to find the other Leg AB. (F16. 39.) 
% By ſtereographic Projection. 
Project the Triangle ABC, as in the laſt Caſe: Then 
AB meaſured by Prob. 16, is 335 310 
2. Logarithmically. 
As Coſ. Leg. CA 282 00/ : Radius :: Col. Hyp. CB 
42* Je? Col. Leg AB 33* 37 
| CASE VIL 
Given the Side CA = 28® 00/, and the adjacent Angle 
CS 54 40/; to find the oppoſite Side AB. (FIG. 39.) 
1. By 
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1. By ſtereographic Projection. 
Make CA = 287 oo/ by Prob. 17, and the . C = 
54 4o/ by Prob. 10. Through A draw E AG per- 
pendicular to DF, to cut HT in B; then AB mea- 
ſured by Prob. 16, is 33* 31. 
2. Logarithmically. 


As Radius: S. Side C.A 28* o:: Tan. < C 54® 
400: Tan. Side AB 33* gu. 


CASE VIIL 


Given the Side CA = 28* ol, and the adjacent Angle 

C= 54 40/; to find the oppoſite Angle B. (Fis. 39.) 
1. By ſtereographic Projection. 

Proje& the Triangle A BC by the laſt Caſe; then js 

the Angle B meaſured by Prob. 19, = 43 55/. 
2. Logarithmically. 

As Radius: S. adjacent Angle C 54* 400 :: Col. Side 

CA 28? : Col. opp. Angle B 43* 55/. 


CASE IX 


Given the Side CA = 28* ool, and the adjacent A gle 
C = 54 40/; to find the Hypothenuſe CB. (Fis. 39) 


1. By ſtereographic Projection. 


Project the Triangle ABC by Caſe 7; then the Hy- 
| pothenuſe CB meaſured by Prob. 17, is 42* 3&. 


2. Lo- 
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2. Logarithmically. 


As Radius: Coſ. < C 54 40/ :: Cotan. Side CA 
28” oo : Cotan. Hyp.CB 42* 360. 


CASE X. 


Given the Side AB = 33* 31/, and the oppoſite Angle 
C=54* 40/; to find the adjacent Side CA. (Fs. 39.) 


1. By ſtereographie Projection. 


Project the < C= 54 400, by Prob. 10, draw LM 
parallel to D F, at 33* 31/ Diſtance from it, to cut Hi 
in B; through B draw E BG perpendicular to DF, 
and the Triangle is conſtructed. Then CA meaſured, 
is 28 oof, 


2, Logarithmically. 
As Radius: Cotan. opp. C54 4& :: Tan. Side 
AB 33* 31' : S. Side CA 28* o. 
CASE HI. 

Given the Side AB = 33* 31', and the oppoſite Angle 
C=54* 400; to find the adjacent Angle B. (Fig. 39.) 
I. By ſtereographic Projection. 

Project the Triangle ABC by the laſt Caſe.” Then 
the Angle B meaſured, is 43* 55/. 
2. Logarithmically. 
As Coſ. AB 33* 31 : Radius :: Coſ. . C 54* 40 
S. adjacent << B 43* 55 ; CASE 
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CASE XII. 

Given the Side AB 33 31, and the oppoſite. Ang le 
C=54* 40%; to find the Fypothenyſe CB. (Fis. 39.) 
1. By ſterẽographic ProjeBtion. 

The Triangle being projected by Caſe 10; CB mea- 
ſured is 42* 3&. | 
2. Logarithmically. 

As S. opp. 2 C 54* 40 : Radius :: S. Side AB 
33* 310 S. Hyp. CB 42" 36. | 
CASE XIIL 

Groen the Side CA = 287 od, and the Side AB = 
i 33* 31; to find the Angle C. (Fis. 39.) 
1. By ſtereographic Projection. 


Make C. A = 28* oo, and through A draw E AG 

dicular to DF; alſo make 4B = 33* 31/, and 

draw the right Circle HT through the Point B. Then 
the < C meaſured by Prob. 19, is 54 40. 


2. Logarithmically. 


As Radius: Cotan. Side 45 33* 31 :: S. Side CA 
28* oo/ : Cotan, C 54* 40. | 


CASE XIV. 


Given the Side CA = 28* oo, and the Side AB = 


233* 317; to find the Hypothenuſe C B. (Fis. 39) * 
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Project the Triangle ABC, by the laſt Caſe: Then 

CB meaſured, is 42 30. 

2. Logarithmically. 
As Radius: Col. Side C. 4 28 o0/ :: Col. Side AB 
33 317: Coſ. Hypothenuſe CB 42 36. 

„„ AR I 

Given the Angle C = 54* 409, and the Angle B = 
43* 55“; to find the Side AB. (Fis. 390 

1. By ſtereographic Projection. 

Make the Angle C = 54* 40/, alſo through the 
Poles E, G of the right Circle DF, draw the great 
oblique Circle E.AG, by Prob. 14, to cut the right 
_ Circle H, and make therewith an Angle of 43 55/, 
which will project the Triangle ABC. Then AB 
meaſured, is 33 31/. 

>. Logarichmically. | 

As S. Angle B 43* 55/ : Radius :: Col. Kage © 

54* 49/ : Col. Side 4B 33 31. 


CASE XVI. 


Given the Angles D c., ' fund th ur 
n 16. 
(F16. 39.) 2 1 
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I, By ſtereographic Projection. 


Oouſtruft the Triangle ABC by the laſt Cafe; tien 
the Hypothenuſe CB meaſured, is'= 42 3600. 


2. Logarichmically. 


As Radius : Cotan. Angle C 54 40 :: Cotan. Angle 
B 43* 55“ ©: Col. Hyp. CB 42 36&. | 


PE 


| SECT. II. 
The SoLuTIoN of the ſeveral Caſes of OsLIdux- 


ANGLED SPHERICAL TRIANGLES. 


—— ————— 


| HERE are ſeveral Ways of ſolving oblique ſphe- 
| rical Triangles, either by letting fall a Perpen- 
dicular, or without it. The Method given in the laſt 
Section for reſolving the Caſes of right-angled Tri- 
angles, will equally ſerve for oblique; letting fall a Per- 
pendicular from one of the Angles, which will either 
divide the given oblique Triangle into two right-angled 
ones, or otherwiſe will make two right-angled Tri- 
angles, by. adding a right-angled Triangle to it ; and 
this will do in every Cafe, except the 1ſt, 4th, and two 
laſt. In the firſt Triangle, there are two Things given 
to find a third, which muſt be either a vertical Angle 
or Baſe, In the fecond Triangle there is one Thing 
given, or at leaſt may be cafily known, by Means of 

the firſt Operation in the firſt Triangle, and in the ſe- 
cond 
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cond Triangle is always the Anſwer to the Queſtion. | 
In theſe two Triangles you have either both the Baſ 
or both rhe vertical Angles, and by Help of theſe to 
find the Anſwer or 'Thing ſought, compare theſe three 
Things in. the ſecond Triangle together, viz. the Per- 
pendicular, the Thing known, and the Thing required, 
and ſee which of the three is the middle Part, and 
which are the Extreams either conjunct or disjunct. 
Proceed thus with the firſt Triangle, fo will the middle 
Part and Extreams in one Triangle, be proportional to 
the middle Part and Extreams in the other Triangle 
(ſetting aſide the Perpendicular in both Triangles. 
- As for Example. In the Triangle 4BC, given the 
Side BC, and the Angles B and C, to find the Side 
AC. The Perpendicular CD being ler fall, divides 
the oblique Triangle ABC into two right-angled Tri- 
angles DBC, D AC; then in the Triangle D BC, as 
Radius; Cof. BC :: Tan. DBC: Cotan, DCB. Then 
the . C being given, from thence the . DCA be. 
comes known ; ſo in the Triangle D. 40, the < DCA 
is the middle Part, and CD and C4 are Extreams con- 
junct; alſo in the Triangle D BC, the = DCB is the 
middle Part, and CD and CB are conjunct Extreams ; 
then rejecting the Perpendicular CD, it will be, as 
Coſ. . DCB : Cof. £ DCA :; Cotan. BC: Caran. 
AC.——Note, In letting fall a Perpendicular, always 
obſerve to ler it fall from the End of a given Side, and 
oppoſite to a giyen or known Angle; and if the three 
Things given ſtand together, let it fall from the End 
of a required Side, or oppoſite to a required Angle. 
is. 49, 4 Hh2 There 
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There are four Axioms, by which the twelve Caſes 


of oblique . 
a Perpendicular, | 


Ax IOM I. 


As the Sine of a Side AB: 
The Sine of its oppoſite Angle C:: 
The Sine of any other Side AC : 
The Sine of its oppoſite Angle B. 
Alſo; 

As the Sine of an Angle C: 

The Sine of its oppolite Side AB :: 
The Sine of any other Angle B: 
The Sine of its oppaſite Side AC, 

Ax1om II. 
Asthe Sineof 4 Sum 2 Sidescontainingan Angle, 


The Sine of Half their Difference A= 

The Cotan. Half the included Angle, 4: 5 

The Tangent Half Differ. 2 unknown Angles, == 
Alſo; | 

As Col. ; Sum 2 Sides including an Angle, e, 
The Coſ. Half their Difference :: : 


The Cotan. Half the included Angle, 4 4 : 
The Tan. 4 Sum of the other e Angles, | 


225, 


Tuben 
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| - C+B 
Thca ©E2 4 £22 = greater Angle c. and <2 
— ©2= = leſſer Angle B. 
AxIOM III. 


As Sine 3 Sum 2 Angles, 4g, 
'The Sine ; their Düker 824, 


The Tan. 4 coated Side, 4 

The Tan. 3 Differ. other 2 Sides, 
Alſo; 

As Coſ. j Sum of 2 Ang 

The Col. + their Difference £2 

The Tan. 4 contained Side, 4 


The Tan. 3 Sum of the other 2 Sides, fg. 
AB + BE 228 , 
Then —7 bes eos = greater Side A B, 


os IV. 
ese Sines of the 2 comzining Sides: 
The Square of Radius :: 
The Rectangle Sines of 4 Sum g Sides, and of Dae. 
Side oppoſite thereto : 85 
The Square of the Coſine of + contained Angle. 


AB © BC 


A+C 
* 
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But jf a Perpendicular CD be let fall from the ob- 
tuſe Angle C, upon the longeſt Side or Baſe AB; then 
the Solution may be obtained thus ; As Tan. Half the 
Baſe or longeſt Side ,4B : Tan. ; Sum of the other 


2 Sides, g Tan. 4 Differ, of theſe 2 Sides, 
. Tan, 4 Differ. Segments of the Baſe. Then 


the Half Difference added to the Half Baſe, gives the 
greater Segment AD, but ſubtracted from the Half 


Baſe, gives the leſſer Segment BD. 
Or, in Caſe a Perpendicular is not let fall, you may 
find an Angle thus. 

Take Half the Difference of the two Sides contain. 
ing the required Angle, which add to and ſubtract from 
Half the Side oppoſite thereto; this Sum and Difference 
keep: Then to the Complement arithmetical of the 
logarithmic Sines of the rwo containing Sides, add the 
Jogarithmic Sines of the Half Sum and Difference; 
Half the Sum of theſe four Logarithms, is the loga- 
rithmic Sine of Halt the required Angle. 
Or the firſt Part of the Work, viz. the finding the 
Sum and Difference, may be performed more eaſily 
thus; from the Half Sum of the three Sides ſubtract 
the two Sides (ſeparately) containing the required An- 
gle, theſe Differences will be the ſame with the Sum 
tad Difcrence found by the former Pere of the Rate; he 


with which work as before directed, and you will have = 


the Anſwer. 


Sect. II. 
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Oblique ſpherical Triangles. 
CASE I. 

Given the Side AC = 41* o, the Side BC = 
39 30, and an oppoſite Angle A = 29 31; ta find the 
other oppoſite Angle B. (FI. 40, 41.) 

t. By ſtereographic Projection. 

Make 40 = 417, draw ABH (by Prop. 11) to 
make an Angle at 1 = 29 31/, alſo about C, as a 
Pole, draw the parallel Circle KB L, at the Diſtance 
of 39* 3o/ from it, which will cut 4B Hin B; through 
the Points C, B draw (by Prop. 7) the great Circle 
CBI. Then the Angle B meaſured (by Prop. 19) 
is 307 337 « 


2. Logarithmically. 


As S. Side BC 39 30/ : S. its opp. < A 29 312: 
S. Side AC 41 oO: S. its opp. B 30* 37. 


Now AC+ BC, of the fame Aﬀeion as 42 V; and 
if £4 be of the fame Aﬀetion wit 445% 25 then 
A ne 

CASE II. 


Given the Sides AC and BC, and the Angle A the 
. ſame as before ; to find the included Angle C. (Fis. 
40, 41.) 

nf 1. By 
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Project the Triangle ABC, as in the laſt Caſe; 
then the < C meaſured, is 132* 22/, | 


2. Logarithmically. 


By Caſe 3 of right-angled Triangles, Radius: Cof. 
AC 41* :: Tan. A 29* 31 : Cotan. DCA 66* 51. 
Then Cotan. AC 41* oo/ : Coſ. DCA 66* 51 :: 
Cotan. BC 39* zo: Coſ. DC 65* 31; then DCA 
+ DCB = 66* 51' + 65* 31 = 132 220 = < C. 
Then, becauſe BC and the <= A are of the fame 
Affection, DC is acute, otherwiſe obtuſe. 
Then becauſe in the preſent Caſe, the Sides 40, 
BC are of the ſame Affection, the Perpendicular falls 
within the Triangle, and the Angles A and B are of 
the ſame Affection. 
Therefore to the leſſer Arch of DCB = 65* 31), 
add DCA = 66* 51, and the Sum is 132 22/; alſo 
to the greater Arch of DCB = 114* 29/, add DCA 
= 66* 51', the Sum is 181* 20/, Then becauſe the 
greater Arch of DCB, with DCA added to it, ex- 
ceeds 180*; the lefler Arch of DC can only be ad- 
mitted. But had both theſe Sums been leſs than 180*, 
then either the greater or leſs Arch of DCB might 
have been added ro DCA, for the Angle C, which 
would have been ambiguous. | 
But when the Angles A and B at the Baſe, are of a 
different Affection, the Perpendicular will then fall out 
of the Triangle. And if the greater Arch DCB is 
leſs 
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rr 

ſubtracting either Arch of DCB from DCA; and 
the Angle C will be ambiguous; but when the greater 
Arch 8f DCB is greater than the Angle DCA, the 
leſſer Arch of DC ſubtracted from DC. A, will only 


give the Quantity of the Angle C, which then is not 


ambiguous. 
CASE III. 


Given the Sides AC and BC, and the Angle A the 
Same as before; to find the third Side AB. (FIG. 40, 41.) 


1. By ſtereographic Projection. 
Project the Triangle ABC, by Caſe 1; then AB 
meaſured, is 72* 28. 


2. Logarithmically. 

By Caſe 1 of 3 Triangles, Rad.: Coſ. 4 
29* 21/ :: Tan. AC 41* O: Tan. AD 37” Ec: 

Then Coſ. AC 41* oc: Col. 4 D 37˙ 600: Coſ. 
BC 39* 300: Col. BD 35 22. 
3 . O+35* 220 72 287 
= AB. 

If AD be greater than BD, then 40 — BD = 
A; alſo if FD+BD beleſs than 180*, AD + BD 
= AB; if both be leſs than 180" A is ambiguous, 


CA 8 = 
Given the Angle A = 29* 31/, the Angle B= 30* 37, 
and an oppoſite” Side AC = 41*3 * 
Side BC. af 40, 41.) 


Ii 1. By 
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1. By ſtereographic Projection. 

Draw ABH to make an Angle with the Primitive 

at A = 29* 31, alſo make AC = 41*; by Prep. 14, 

draw a great Circle CBI to cut ABH in an Angle of 
30* 33/, as in B. Then BC meaſured, is 39* 300. 


2. Logarithmically. 


As S..<B zo" 23/ : S. opp. Side AC 41* :: S. 2 A 
29* 31/ : S. its opp. Side BC 29* 3o. 


== 1 is of the fame Affection as 2. 


222 be of the fame Aﬀeftion as 4C + Sapp. 2. 

then BC is ambiguous. 
. 0 o oof 

That is 22 — = = 79" 5e = 35* 15/. 
| Alſo 25 +150- 30 191* .es; 45/; by which 
hs condbet ito SO anal es he 6 cations 

CASE V. 
Given the Angles A and B, with the oppoſite Side 


AC the ſame as before in the laſt Caſe; to find the in- 
cluded Side AB. (Fre. 40, 41.) 


\ 


I. By ſtereographic Projection. 


Project the Triangle by Caſe 4; fo will AB mea-, 
ſured, = 72 28, 1 
| 2. 


e . ¶ . ] m Too oe” oo = — — 
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* Logarithmically. 


| By Caſe 1 of right-angled Triangles, 

Radius: Cof. < A 29* 31023 Seeg N : Tan, 
AD = 37 8 

Then Cotan. 440 31728. AD 37 & :: 
< zo 33) : S. BD 35* 227. 

As the Es A., B are of the ſame Affection, AD + 
BD = AB: If BD+ AD, and BD + Supp. AD, 
be each leſs than 180%, AD (and conſequently 45) 
is ambiguous. _- 

If the Angles A, B are of different Affection, AD — 
BD = AB. Alſo if AD and Supp. AD be greater 
than BD, then 4 D and AB are ambiguous. 


CASE VL 
"Ui abs ts e Br how; to find the 
Angle C. (Fis. 49, 41.) 


1. By ſtereographic Projection. CE 
___ the Triangle ABC by Caſe 4 4; chen the 
= C meaſured, is 132% 22/. 


2, Logarithmically. : 
* Caſe 3, right - angled 'Triangles, Radius: Cof. AC 
: Tan. < A 29 31 : Cotan. < DCA . 
Then Coſ. < 4 29 31 : Col. 4 B 30 33“: 
S. < DCA 66* 51 :S. DC 65* 31. 
Then DCA + DCB = 66 51/ + 65* 31 = 
132* 32 = < C. 


Ii 2 When 
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When the <$ A and are of the ſame Affection, 
DCA+DCB are C. If DCB+ DCA, and 
DCB + Sup. DCA be leſs than 1807, then DCA 
and C are ambiguous. 


If A and B are of different Affection, then DCA — 
DCB = < C; but if both DCA and its Sup. be 
greater than the = DCB, then the = DCA, and 
C are ambiguous. 

Note, Thoſe who deſire to ſee more into the Na- 
ture of Ambiguities, may conſult Mr Emerſon's Trigo- 
nometry, which I have cloſely kept to, in compiling 
this — 


CAS E. VII. 


Given the Side AC = 41, the Side AB = 72* 257, 
and the included Angle A = 29* 31'; to find an oppeſite 
Angle R. (Fro. 40, 480-*  * 


1. By ſtereographic Projection. 

Make AC= the Chord of 41" , draw ABH to make 
an Angle at A of 29* 31', and make AB = 72* 28/; 
through C, B draw the great oblique Circle CBI, 10 
is ABC the Triangle, in which the 2 B meaſured, 
is 30* 33's 


2. . Logarichmically. 


(By Caſe 1, right ) Radius: Cof. < A 29? 31/ :: 
Tan. AC 41* : Tan. AD 37* /. Then AB — 4D 
= 72* 28/ — — 37 ir 220 = BD. 

yo 
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Then S. AD 37* : Con. r 4 317224 
BD 35* 22/ : Cotan. B 30* 37. 
Now according as XD is lefler or greater than FB, 


— wand nh noratagt 
fection. 


CASE VIII. 
Given the Sides and Angle the ſame as before; to 4 
the third Side BC. (Fis. 40, 41.) 
2. By ſtereographic Projection. 
Project the Triangle by the laſt Caſe; then BC 
peafured, i is = 39* 30. 


rithmically, 


(By Caſe 1, right — Radius: Cof. A 29 31 :: 
Tan. AC 41%: Tan, AD 37* &; from whence BD 
is found = 35 22/, 

Then Coſ. FD 37* & : Col FC 41* oo :: Col. BD 
57 22/ : Col. BC 39% 30/ 

Then as BD and  £ are of the fame or different 


Affection, BC is accordingly leſs or greater than a 
Quadrant. 


CASE IX 


Groen the Angle A = 29® 31), the Hnghe C=130" 22, 
and the intended Side AC= = 41%; to find an opp. Sids 
BC. (Fig. 49%, 41.) 


I. By 
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1. By ſtereographic Projection. 
Make 40 =41*; draw 45 H to make an Angle at 
A of 29 31/, and CBT to make an Angle at C of 
132* 22/, then the Side BC meaſured, = 39* 300. 


2. Logarithmically. 


By Caſe 3, right s, Radius: Cof. AC 41 :: Tan. 
= A 29 31' : Cotan. < DCA 66? 51/; and hence 
the 2 DCB = 65* 31¼. 

Then Col. DCA 66? 51/ : Cotan. AC 41* o:; 
Coſ.  DCB 65* 31/ : Cotan. BC 39* zol. 

According as DC and A are of the ſame or dif- 
ferent Affection, the Side BC is leſs or greater than a 
Quadrant. 


CASE X. 
Given the Angles and Side the ſame as before; to find 
the third Angle B. (Fs. 40, 41.) 


1. By ſtereographic Projection. 
Project the Triangle ABC, as before in the laſt 
Caſe; then the B meaſured, 30 33%. 


2. Logarithmically. 


By Caſe 3, right s, Radius: Coſ. AC 41 oO :: 
Tan. 429 31 : Cotan. DCA 66* 51/ ; from whence 
DC is found = 65 31/. 

Then S. DCA 66* 51/ : S. DC 65* 31/ :: Coſ. 
429 31' : Cole B go" 33“. ; 


Then 
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Then as the Angle DCA is leſs or greater than 
the Angle 4CB, the <8 A and BB are of the ſame 
or different Affection. 


7 CASE N. 


Given all the three Sides AC = 41, BC zy“ zo, 
and AB 72* 28/; to find an Angle A. (Fis. 40, 41.) 


1. By ſtereographic Projection. 

Make AC'= 41*; about the Point A draw the Pa- 
rallel MN, at 72* 28 Diſtance from it; alſo round 
C draw another Parallel K L, at the Diſtance of 39* 300, 
to cut the former in B; through their Point of Inter- 
ſection B, from C draw the great Circle CBI, and 
compleat the Triangle ,4BC. Then the < A mea- 


ſured, is = 29 31/. OG 
| 2. Logarithmically. | 
:: Tan. 2 — Tan. Arch go“ 52%. Then 
as + AB = 36* 14/, is greater chan the Arch o“ 57, 
the Perp. falls within the Triangle, otherwiſe not. 

Then 4 AB + Arch, = 36* 14 To 52/ = greater 
Segment AD = 37 &, and 5 AB w Arch, = 36* 14 
oO 52/ = leſſer Segment BD = 35 22. 

Then by Caſe 4, right <s, Radius: Cotan. 40 
41* :: Tan, AD 37 & : Col 4 A2g* 31¼. 


CASE 
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| CASE XII. 
Groen all the 3 Angles, viz. ASZ 29 317, 3 — 30? 337, 


and C = 132 22/; to find a Side AC. (FIG. 40, 41.) 


i. By ſtereographic Projection. 

The Angles being converted into Sides, project the 
Triangle, as by the laſt Caſe; ſo will 4C meaſured, 
give 41*. | 

2. Logarithmically. 

As 4, B are of the ſame Affection, the Perp. falls 

within the ry otherwiſe without. 


As Cotan. = 30? 2 : Tan. £ 
Tan. + C = 66* 11/ : Tan. Arch = G' 40. 

'T hen 10 + Arch = 66? 11 + o gl greater 
< DCA 66* 375 at the Vertex. And ; C Arch 
= 66* 11/2 o 40 =lefler = DC 65* 377 at the 


Vertex. 
Then by Caſe 16, right 8, Radius: Cotan. 4 
29* 31“: Cotan. DCA 66* 51' : Cof, AC 41* oo. 


= 0 g1/ :: 


BOOK 


BOOK v1 


ASTRONOMY. 


—— 


i. \ Stronomy hath its Derivation from the two Greek 
Words After, a Star, and Nomes, a Law; for 
by it we are taught the Motions of the Sun, Mon, 
and Stara, and whatever in any wile pertains to them, 
2. Before we proceed to perform Conglyſions in Aſ- 
tronomy, it is requiſite to know the Sun's Place in the 
Ecliptic, the Latitude of the Place, and the Sun's 
greateſt Declination, that is, the Angle that the Sun's 
Orbit (the Ecliptic) makes with the Equinoctial. 
3. The Sun's Place in che Ecliptic is to be obtained 
from aſtronomical Table, which I have here inſerted 
whoſe Uſes are evident from the Examples iv Prob. 1. 
4. The Reader muſt not expeft, that this ſhall be a 
full and complete Courſe of Aſtronomy, but only a 
Collection of the moſt uſeful aſtronomical Problems, 
neceſſary to be known by every Perſon, wha would 
deſerredly acquire the Name and Charatir of an able 
Surveyor, 


K K SECT. 


248 As TRONOMICAL PrxoOBLEMs. Book VL 


* 
1 * 


— 


. SECT. 1 


ASTRONOMICAL PROBLEMS, requiſite ts be known in 
the Practice of SUuxvEriNG. 


Y Þ W 


To calculate the Sun's true Place in the Ecliptic. 

AKE ont of the Tables of the Sun's mean Mo- 
tion, the Longitude and Anomaly anſwering to 
the given Year, Month, Day, Hour, Minute, Second, 
&c. which being ſeverally added together, will give the 
Sun's mean Motion for the propoſed 'Time; obſerving 
in Leap Year, to find the Day of the Month in the 
Column on the right Hand Side of the monthly Pages 
after February, noted on the Top with Biſſex. 
Enter the 'Table of the Sun's Elliptic Equation, with 
the mean Anomaly thus collected; which find on the 
Top of the Table, if the Anomaly be leſs than 6 Signs, 
but on the Bottom if more; that is, if the mean Ano- 
maly is leſs than 6 Signs, look out the Sign on the 
Head of the Table, and the Degrees in the left Hand 
Column deſcending ; but if the Anomaly exceeds 6 Signs, 
look out the Sign in the Bottom of the Table, . and the 
Degrees in the right Hand Column aſcending ; and in 
the Angle, or Place of meeting is the Sun's Elliptic 
Equation ; which added to, or ſubtracted from (accord- 

ing to the Title in the Table) the Sun's mean Longi- 
tude before found, will give his true Ecliptic _ - 
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But as the „ 


Three; which added to, or ſubtracted from the De- 
grees, &c. which were firſt taken out of the Table, the 
Sum FP 
found. 


EXAMPLE L 


Let the Sun's true Place be found for June 16, 1769, 
at Noon. 


OPpzRATION, 


Long. © | Anom. © | 

8 3 ” 8 0 * * n 
— L. L. 

The Radix 1961/9 8 41 20] 6 © 33 50 As 60˙ O o 
Current Years 800 O 3 37/11 29 55 13 [TO 155 14956 
34 
M. Mot. Arc 8 44 57] 6 29 3]/To o 9 ' 25955 
June the 16th[5 14 36 11 5 14 35 43] Thisp Part 
Mean Motion] z 23 21 81115 4 45, 3 47 
Equation add 2 29 2 ind. 0® 29 22 
Sun's Place z 23 50 29 is the true Equat. 


EXTAMP ILE II. 


Let the Sun's Place be ſought for June 28, * 
paſt 10 O'Clock in the Forenoon, 1769. | 
Note, Aſtronomical Time begins and ends at Noon; 
and each Day begins at its own Noon, and ends at the 


Noon of the next ſucceeding Day. Therefore, the 
 Kk2 above. 
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above-mentioned Time exprefs'd in aſtronomical Terms, 
will be 1769, June 27 d. 22 hrs. 43 min. Alfo the fol- 
lowing folar Tables are accommodated to the Meridian 


anne 


orten 
1 Anom. O4 


= 8 1 
— — L.. 
The Radix 176109 8 41 20] 6 o 33 50 As 60 00” © 
Current Tears 8lo o 3 37111 29 55 13][To 1 59 14808 
— So 51 16 _ 683 
M. Mot. 88 8 44 57] 6 o 29 3/To 1 42 1491 
June 275 25 26 43] 5 25 26 14 
Hours 22| '© $4 13 9 54 13] Then o*7' g7%— 
Min. 43] 1 46] 1 46|1'42"= 0% 157 
Mean Motion 3 5 7 39111 26 51 16 DES Eg 
Equat, add 8 6 15 
Sun's Placeſz | 5 13 544 


But if you haye the Sun's Place to calculate under 
any other Meridian, Eaſt or Weſt of the Meridian of 
London, by the following 'Tables, then you muſt re- 
duce the Time at the propoſed Place, to the Time at 


As ſuppoſe you be at Leyerpool, and want to calcu- 
late the Sun's true Place at 8h. 40m. in the Morning. 
As the Meridian of Leverpoot is 1&/ in Time, Weſt 
of the Meridian of London; therefore add 10 to 8h. 
dem. (he Time at Leverpool) and the Sum 8þ, zom. 
is the Time at Landon; N 

Place es before, 
Buy 
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But if the Place you are to calculate for, or at, be 
Eaſt of the Meridian of London; the Difference of 
Mere in Tims, — the give 
Time, the Remainder is the Time at London. 


is ſo very cay, Examples are needleſs. 
P x O B. II. 


To find the Latitude of ol fix. 


There are ſeyeral Methods of doing this, but the 
eaſieſt and beſt, is by raking the Sun's Meridian Alti- 
tude with a very good Quadrant or Fheodolite, which 
is done thus: If it be a Theodolite of the beſt Sort; 
level the Limb, and a Jittle before the Sun comes to 
the Meridian, elevate the Teleſcope, till you obſerve 
the horizontal Hair therein, touch the Sun's lower or 
ppper Limb; and as the Sun riſes, elexate the Teleſcope 
to ir, till you obſerve the Sun begins to deſcend, then 
will the Index give on the vertical Arch, the Meridian 
Altitude of the Sun's lower or upper Limb; to or from 
which Altitude, add pr ſubtract 26 Min. (the Sun's ap- 
parent Semidiameter) and the Sum or. Difference (ac- 
cording. as you uſe the lower or upper Limb) is thie 


apparent central Altitude, or the apparent Altitude of 
the Sun's Center; which being corrected by Reftaction 
and Parallaz, will give the Sun's de central Altirade. | 


Or thus; 


Level your Theodolite, and about 2 or 3 Hours be- 
fore Noon dirc the Teleſcope till the horizontal Haic 
rouch 
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touch the Sun's lower or upper Limb as before; then 
faſten the Inſtrument in this Poſition, and note upon 
Paper the Degrees, &c. of Altitude, as alſo the De- 
grees, &c. cut off by the Index on the Limb. Let the 
Inſtrument remain in this Poſition till the Afternoon, 
or if it be altered, fix the Index to the ſame Degree, 

upon the vertical Arch;) and then obſerve when 
the horizontal Hair juſt touches the fame Edge of the 
Sun, as before in the Morning Obſervation, the Index 
will cut the Limb of the Inſtrument at ſome particular 
| Now from the Evening Obſervation ſubtract the 
Morning Obſervation, and to Half the Remainder add 
the Morning Obſervation ; to the Degree, &c. of this 
Sum, fix the Index on the Limb of the 'Theodolite, ſo 
will the Teleſcope and Arch exactly ſtand in the Plane 
of the Meridian. But if the Obſervation on the Limb, 
which was made in the Morning, exceed that of the 
Afternoon, then increaſe the latter by 360?, after which 
work as before; and if the Remainder exceed 3600, 
ſubtract 360* therefrom, 

The Inſtrument, that is, the Teleſcope and vertical 
Arch being thus fixed in the Plane of the Meridian, 
muſt remain in the ſame Place and Direction, till the 
next Day, or till the firſt Opportunity offers, of the 
Sun paſling viſibly over the Meridian; Ly which bis ap. 
parent Meridian Altitude (and, from thence his true 
Altitude) may be obtained. 

Note, In the Morning it is neceſſary to take 3 or 4 
Obſervations, at any convenient Diſtance of Time from 
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one another; becauſe whatever Elevation the Teleſcope 
ſtands at in the Morning Obſervation, the Sun will ex- 
actly fall in with the ſame, in the Evening Obſervation ;- 
and if Clouds happen to interpoſe at that Inſtant, your 
Labour is loſt: But by having ſeveral Morning Obſer- 
vations, if you fail in one, you may ſucceed in another. 

The Sun's Meridian Altitude being determined by 
either of the foregoing Methods, (the former is the 
better and the moſt practical) the Latitude of the Place 
is eaſily found by the two following Rules. 


| KR $ is x * 


If the San's Zenith Diſtance: and Declination be of 
the ſame Name, that is, both North or both South; 
then the Difference of the Zenich Diſtance and Decli- 
nation, is the required Latitude; which is always of 
the ſame, or contrary Name with the Declination, ac- 
cording as the Declination is greater or leſs than the 
Zenith Diſtance. . 


Ru L E II. 


When the Sun's zenith Diſtance and Declination 
are of a contrary Name, that is, the one North, the 
other South; then the Sum of the Zenith Diſtance and 
Declination, is the Latitude, which is ever of the ſame 
Name with the Sun's Declination. 


Note, The Zenith Diſtance is equal to the Comple- 
ment of the Alrirude, 22 


Ex- 
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EXAMPLE I. 


Suppoſe the Sun's Meridian Altitude South (aber 
corrected by Refraction and Parallax) = 54 4% 3245 
required the Latitude of the Place of Obfervation ; the 
Sun's Declination North being 187 20ʃ. 


90 — 54* 48' 321 + 18* 200 = 53* 310287 = Lati- 
tude North. 


nine 3 


Let the Sun's corrected Meridian Altitude South, be 
54 48/ 327, and his Declination South, at the ſame 
Time, 18* 20/7; required the Latitade of the Place of 
Obſervation. 

go* — 54* 48' 321 — 18* 2 = 16*51/ 28! =Latir, 
North, becauſe the Altitude and Declination are of the 
fame Name (both South) and becauſe the Declination is 
leſs than the Zenith Diſtance. 

The Truth of the two foregoing Rules, 8 prove 
and demonſtrated by Projection thus. 

Firſt, let us ſuppoſe the Sun's true Meridian Alti- 
tude = 471 47's his true Place in the Ecliptic = 
os, 14* 12/ 314, aud his Dedination North = 5* 36 477; 
all taken and found for the ſame Time. (Fro. 42.) 

Then with a Chord of 60* defcribe the ive 
Circle HZON, repreſenting the Plane of the Meridian 


of the ſolſtitial Colure; draw HO the Horizon, and ZN 


perpendicular thereto, for the prime Vertical; ſo is Z 
the Zenith of the Place whoſe Latitude is required. 
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Set 48" 48 13” (= the Comp. D Altitude) from Z to ©, 
alſo fer 5 36 47! (= © Declin) from O Southwards to 
E. becauſe the Declination is North had it been South, 
it muſt have been ſet the Way, viz. North from 
a to E: Er 
Meridian and Equĩnoctial. Draw E-AQ, the Equinoctial, 
and PS perp. thereto for the Earth's Axis, and draw the 
Parallels of Declination Oc, ab. Then it is evident from 
the that Z E is = Latitude of the Place; and 
that ZO+@B=48* 48 135+5* 30 47' = 54" 25 
= Z'E = the Laũtude of the Place of Obſervation. But 
if the Declination had been South, then it would have 
been-Za—eaE=ZE che Latitude required. For 
the Latitude of any Place, is the Diſtance upon the 
Meridian, berween che Zenith of that Place — the 


Equinoctial. 


Pros. III. 


To find the Obliguity of the Kale or the An * 
that the Ecliptic mates with the, Rquinactial; which i is 
equal to the Sun's greateſt Declination. 1 


With an exquiſite aſtronomical Quadrant take the 
Sun's Meridian Altitude very accurately, on the Days 
of the Summer and Winter Solſtice, that is, on the 
Days the Sun touches the firſt Scruple of the tropical 
Signs Cancer and Capricorn. 

Then ſubtract thoſe two Meridian Altitudes one 
from the other, Half the Remainder. is the Angle of 


Obfiquiry. 


L1 Ex- 
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EXAMPLE. 

At Winton, a the Depp of the Beer and Winter 
Solſtice, the two Meridian Altitudes of the Sun taken 
by me, were, viz. at the Summer Solſtice 59* 4/, and 
at the Winter Solſtice r2* & ; from whence che Angle 
of Obheuiry is required 

PxzoJECTILION. 

Make the Arch Z B zo 5& = the Sun's zenith 
Diſtance at the Summer Solſtice, and Z D = 77 54/ = 
the Sun's zenith Diſtance at the Winter Solſtice. Biſect 
BD in E; ſo wil EB (= ED) be the Arch of che 
Sun's greateſt Declination, which in Numbers is found: 
thus, (Fig. 42.) 

From Z = 77* 54/ = © zenith Diſt. at Winter Sell 

Take 25 =30 56 56 = © zenith Diſt. at Summer Sol. 


Rem. BD =46 58 58 = Breadth of the Zodiac. 
Half of which = 23 29 = Obliquity of the Eclipric. . 
Pxos. IV. 
Given the Sun's Place in & 29% 500 3“, ant his 


greateſt Declination 23* 25/ ; to find his preſent Decli- 
nation. | 


In the right-angled ſpherical Triangle Y BO, right-. 
angled at B, there are given the Hypochenuct YO= 
59 * 50/. 3. = Diſtance of the Sun from the neareſt 
Equinodtial Point , and the ⁊ of Obliquity BY ©=. 
23 nnn (Fis. 430 


Analog 3 7 
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Analogy, by Caſe 2, right <5. 
As Radius : S. VO = 59* 500 31 :: S. 2 BYQ = 
2329: S. BOS 209 8 Sun'sDeclination North, 


Note, If the Sun be in any of the ſouthern Signs, 
his Declination is then South ; and the Quæſita may be 
obtained in the right-angled ſpherical Triangle = Dc, 
K 


Pen. V. 


Given the Sun's preſent Declination = 20* o 89, and 
the Obliquity of the Ecliptic = 23* 29/ ; to find his Lon- 
find. c Pla in the Epic 


This Prob. js juſt - the Reverſe of the laſt, and is 
ſolved i in the right-angled Triangle BY ©. (Frs. 43) 


Tos Analogy, by Caſe 12, right . | 
As S Z BY = 23* 29/ : Radius:: S. BO = 207% 
9 8:8. VO=u 59! 10 37 = Sun's Longitude. 
That is, the Sun's trne Place is & 29* 50 30, be- 
caſe his Declinarlon is North; had it been South, it 
would have been m 297 30 3 3 
nn 


Pzxos. VL 


| Gizen th Sun's Longitude YO = 59* 50 30, and 
Declination BY © 23* 29/; to find bis right 
2 (Fis. 43) | 
ff Llz Analegy, 


258 AsTRONOMICAL PROBLEMS, Bock VI. 


Analig y, by Cafe 1, right =. 


As Radius: Tan. V © = 59* 50 305: Col. £ BY © 
2 23 29%: „ 57* ow n at 
Aſcenſion. | 


Note, If the Sun be nnn 
Echpric (as it is in the preſent Caſe) viz. in V, &, A; 
then the fourth Arch (as found above} is the Sun's 
right Aſcenſion from Aries. But if the Sun be in the 
ſecond Quadrant of the Ecliptic, viz. in S, A, nr; then 
the fourth Arch muſt be taken from 1807; and the 
Remainder is the right Aſcenſion from Aries. When 
the Sun is in the third Quadrant, viz. in , m, 7; the 
fourth Arch muſt be added to 180*, and the Sum js the 
right Aſcenſion from Aries. Laſtly, when the Sun is in 
the fourth Quadraut, viz. in V, er, ; the fourth pro- 
portional Arch muſt be ſubtracted from 360*; and the 
* S right Afcenſon NN 


| Pxo5. vu. 


e 
Sun's. Declinatia a 20. 9 6; 40 find bis Amplitude. 

In the right-angled ſpherical Triangle POC, there 
are given the Leg PO = 54* 25/,= the Latitude, and 
the Hypothenuſe PC = 69* 50 521 = Comp. Decl. or 
2 the Sun from the North Pole of the 


; to find the Leg F 
bie. i 
( (Fi 43) Pi 
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Analog y, by Cafe 6, right . 


As. Coſ. PO = $4* 25: Radius :: Coſ. PC = 69* 
500 527: Coſ. CO = 53* 41' 4&, whoſe Complement 
YO: 180147 is the Sun's 2 


P10. vm. 


Gives the Latitude of the Place = 54 8855 and the 
Sun's Declination = 23* .29/ ; to find the aſcenſional 
Difference, and conſequently the true Time of the Sun's 
Riſing and Setting, with the Length f the Day and 

Night, ©- - 


In the right-angled ſpherical Triangle PO E, there 
are given PO = 54* 25/, and PF = 66* 31/; to find 
the Angle FPO = the N the aſcenſional 
b 


Auge. =D tight e. | 


Rains: Tan. PO= g 25% :: Cotan. PF= 66* 31: 
Col. = FPO = $2* 385 55% * Complement 37 
230 227 is the Sun's aſcenſional Difference, which con- 
rerted into Time (15* of the Equinoctial being = to 
1 Hour of Fime) is 2h. 29 m. 33ſec. 28th. which taken 
from, and added __ N 
26ſec. 32th. is the true Time of the Sun's Riſing; and 


the latter = $k. 29m. 33ſec. 28th. is the true Time of 
the Sun's 
But f 


Setting in che Latitude of 54. 25 North. © 
the Sun's Declination South, then this 
aſcenfional Difference mn I ime muſt have been added 


to, 


N 
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to, and ſubtracted from 6 Hours, and the ſormer 
8h. 29 337 28” is the true Time of the Sun's Riſing; 
and the latter 3 h. 300 267 32“ is the true Time of the 


Note, Double the Time of the Sun - riſing gives the 
Length of the Night, and double the Time of the Sun- 


ſerting the Length of the Day. 
PR O B. IX. 

Civen the right Aſcenſion and aſcenſunal Difference; 
to find the oblique Aſcenſion and oblique Deſcenſion. 
In North [ atitudes. 

Ru L x. Me 

If the Declination be North, the aſcenſional Difference 
added to, and ſubtracted from the right Aſcenſion, the 


latter is the oblique Aſcenſion, and the former the ob- 
lique Deſcenſiqn. But if the Declination be South; the 


former is the oblique Aſcenſion, and the latter the ob- 
lique Deſcenſion. | 


In South Latitude juf the contrary 


EXAMPLE. 


Suppoſe the Sun's right Aſcenſion = * oof (as in 
the Begſaning of 5) and the denten Dire = 
37* 23/ 227, in the Latitude of 54* 25 North; re- 
quired the oblique Aſcenſion and oblique Deſcenſion. 


Op k- 
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OPERATION. 


Right Aſcenſion — — 90 od oo 
Aſcenſ. Differ. ſubtr. and add 37 23 22 


Remainder is the oblique Aſcenſion 52 36 38 
Sum is the oblique Deſcenſion — 127 23 22 


In ſuch-like Caſes as theſe, we always ſuppoſe the 
Sun's Declination unalterable for one whole Day (which 
ju Reality is not ſo); therefore whenever we mean to 
be accurate in our Calculations, we take Care to get the 
true Declination, as near the preciſe — 1 


tion, as poſſibly we can. 
PRO B. X. 


Given the Latitude = 54 25 Nerth, and the De- 
clination of the Sun, Moon, or Star = 20* 9/8 North; 
to find their oblique Aſcenſion and oblique Deſcenſion, and 
conſequently their Time of Riſing and Setting. | 


In the right-angled ſpherical Triangle PCO, given 
2 54* 25' = the Latitude, and PC= 69* 500 529, 
t of the Declination; to find the < at P 
= the Time from Midnight. (Fro. 430 


Analogy, by Caſe 4, right < s. 

As Radius : Tan. PO = 54* 25/ * Cotan. PC = 
69* 5o/ 524: Coſ. < P = 59* & 22d, - 

This 597 8/ 327 is the ſemi- nocturnal Arch, which 
in Time is = zu. 56 34 84 = the true Time of their 


Riſing. Pros. 
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PRO B. XI. 


| Given the Latitude = 54" 25, North, and the Sun's 
Declination = 23» 29/ North; ä 
be due Eaſt and Weſt. 


In the right-angled ſpherical Triangle Z Ar, given 
ZP = 35% 35 = Co-latitude, and AP = 66˙ 37 = 
Diſtance of the Sun from the North Pole; to ſind the 
<P = the Hour from Noon, when the Sun is. upon 
the prime Vertical, or Eaſt and Weſt Line ZN. (Fis. 
44 


Analog y, by Caſe 4, right <5. 


Radius : Tan. ZP = 35 35“ :: Cotan. P. 4 = 66* 
317: Coſ. <P=71* 54. 

Then 715 converted into Time p=qh 470 300 
= the true Time of the Sun's Weſting; whoſe Compl. 
to 12 Hours, is 7 h. 12! 597 24“ the true Time of 
his Eaſting. But had the Declination been South, then 
the former Eaſting (= 7h. 12“ 597 24% is the then 
Weſting, as alſo is the former Weſting (= 4h. 47 of 30!) 
the preſent Eaſting, as is evident from the other Ti 
angle Sa N in r | 


Pxos. xl. 3 
Civen the Latitude of the Place = 54* 25/ North, 
and the Sun's Declination = 23* 29 North ; en 
Altitude when Eaſt or Nef. 
W_ 
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In the right=ngled ſpherical Triangle Z AP, there 
are given Z P 35* 35 = Comp. Latirude, and P. 
= 66 31/ = Comp]. Sun's Declination; to find Z 4 = 
N his Altitude when e. (Fis. 44.) 


Au. Y C & right <<. 


Col. ZP = 558 35/ : Radius :: : Col, AP ce. 3075 
Col. Z. I = 60* 40/, whoſe Complement 29 20 3 
Sun's Alitude required; but if the Declination had been 
South, then 29 r 
below the Horizon. | 


Pros. XIII. 


Given the Latitude of the Place = $4* 25' North, 
and the Declination of the Sun =23* —— = 
find his Azimuth at the 'Hour of Sir. C. 


In the rightangled ſpherical Triangle ZPA, thene 


are given ZP = 35* 35 = Compl. Latit. and PA = 


66* 31/ = Sun's i Dedia, N. to find the < Z his Azi- 


muth from the North, which is = Arch BO of the 
Horizon. (Fic. 45.) N 


Aualg, -by 055 13, right . 


Tan. PA = 66* 31' : Radius:: S. ZP 35" 257 N 


| Cotan. £ Z 75* 49/ = Sun's Azimuth from the North. 
But if the Deckiaation had been South, it would have 
been his Azimuth from the South ; whoſe Comp. to 
905 5 | the Azimuth from Eaſt or Weſt. Alfo the 

| | M m Sup. 
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Supplement of the Azimuth from the North or South, 
will be the Azimuth from the South or North. 


Pe XIV. 


Given the Latitude of the Place = 54" 7 n. 
Sun's Declination North = 23" 3 29 ; to . AC 
at the Hour of Sin. t 8 | 


In the right-angled ec Triangle Z AP, there 
are are given ZP = 35* 35/ Comp. Lat. and PA=66* 
31/ = Diſt. Sun 1 the elevated Pole; to find ZA 
the Comp. Altit. 2 o Clock. * * 2 


| Hrobgy, 55 Cafe 14, right <s. 


Radius : Cof. 2 P 36® 350 12 Coſ. P. A 66 21 
Cof. Z At- 6/, whoſe Compl. 18* 54 is the Sun's 
Altitude at the Hour of Six; but if the Declination had 
'been South, ic would have been the Depreſſion. 


| Pros. XV. 


a the Latitude of the Phage =:94* * Neth, 
and the Sun in the Equinottial ; to find the Altitude at 
10 „Chet in the Morning, or at To in the — 


Ia the right-angled ſpherical Triangle \ MN, are 
given VM 60* = the Time from Six, and MY" N = 
35 35 = Compl. Latitude ; to find MN the Sun's Al 
tide at that Time Cie. 45) 1 

* Analogy 
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_ Analogy, by Caſe 2, right <5. , 
Radius : 8. J = S. 2 MYN = 35* 3875 

S. MN = 30* 15“ = Sun's Altitude at Ten in the 

M. or Two in the Afternoon. ; | 


PR OB. XVI. 
Given the Latitude of the Place = 54* 25 North, 
and the Sun's Azimuth from the Eaff or Weſt + 16*- 13 


North; to find his Altitude at that Time; the Sun then, 
being in o Degr. S. 


In the right - angled ſpherical Triangle 4 BA, given 
TB 2 16˙ 13“ = Sun's Azimuth from the Eaſt or 
Weſt, rowards the North, and the Angle AV B = 
54 25' = Fea hats 20 find AB the Altitude at that 
Time, (FI C. 45. 1 | jp 


D Analogy, 5 ae 75 night =« 


Radius : Tan. < AZB = 545 25/2 8. N= 16? 
17: Tan. AB = 21* 19/ = Sun's Alitude 


P * 0 B. XVII. 

+ Given the\ Latitude of the Place = 54" 25% North, 
the Sun's Declination North = 23" 29/, and the Time 
Lr Day = 10 Act in the Morning ; Pe Fe foe 
's Altitude. 2 
Atte eben dg ſpherical Triangle 2 PR, given 


the Side ZP = 35 35' = Compl. Latitude, RP = 
M m 2 66* 31/ 


ff 
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66 31“ = Sun's Diſtance from the North Pole of the 
Globe, and the Z PRS 30*; to find RZ the Com- 
„ Sun's Altitude. (FIG. 45.) 


" Firf,, for the Segment db, by Caſe 1, right <s.. | 

Cotan. ZP = 35* 35/ : Radius :: : Co. Z PR 
30/ oo: Tan. dP = 31* 47. 

Then RP — - dP = = = 66* 31! — 315 47 = 34* 44 
= Rd. 

Then Col. dP = 31" 47 : Coſ. Z P 35* 350; 
Cof. Rd = 34 44: Coſ. RZ=38* 11/, whoſe Com- 
plement 51* 49/ is the Sun's Altitude. 


AG EAI Ru x t be obferved. 


If the given Time be between Six in the Morning 
and Six at Night, the fourth Archi found as above, 
muſt be ſubtracted from the Sun's Diſtance from the 
North Pole; but if the given Time be before Six in 
the Morning, and after Six at Night, the fourth Arch 
muſt be added to the Sun's Diſtance from the North 
Pole; the Sum or Difference is the fifch Arch. f 


P x o B. XVII 
Given the Latitude of the Place = 54* 25%, the Sun's 
Declination = 23* 29 North, and bis Altitude = 2 
300 to find the Hour of the Day. 


In the oblique-angled ſpherical Triangle 42 P, given 
all the chree Sides, viz. ZP = 35" 35% AP = 66" 31, 
and Z A = 41* 300; to find the Angle P the: Hour 
from Noon. (Fi6. 4Q- PR 

P E 
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O P'ERATI ON. 


Z P = Complement of the Latitude . 
4 P = Coinplenient of the Sun's Declindtion 66 31. 
AZ = Complement of the Sun' $ Altitude 4t 30 


———— 
Sum of the three se. — — 143 36 
1 ; | ' i "ol —— 
Half 8m: —  ——- 71 48 
Complement of the Latitude' ſubrr. — 3 3s 
D „ e $6.3 
Half Sum —— — — 7 48 
Complement of the — fubtr, — 66 31 
OE EE SIE 
er een — — 5 38 
15 g: 
* The Requilzes being olaalnel, ne 


Side Z P Comp. Latitude S. Co. Ar. 35* 357 O35 163 
Side AP Comp. Declinat. S. Co. Ar. 66 31 0'037547 
Differ. Co-latirude and 4 Sum S. 36 13 9˙77 1470 
Differ. Co-declitiar. and 2 Sum S. 5 17 Bg64170 


Sum of the — — 19.006349 


Half is the Sine of 18˙d37/ 10 9•504174 


Doubled is ͤ— — 3 14 2 which, con- 
verted into Time, is 2h. 28/57. 20% that is 9. 31% 


PROB3. 
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Given the Latitude of the Place = 54" . the Sun's 
Declination N. = 23 29/, and the Altitude = q8* ; to 
ford bis Azimuth from the North. 


Ia che oblique ſpherical Triangle AZ P. given all 
the Sides, viz. ZP = 35* 35 = Covlatitude, 4 
we. 1' = Comp. Sun's Declinat. North, and 4Z = 
= Compl. Altitude; to find the  Z = the Sun $ 
&aimurh from the North. A 


— mY 


OrzzATION, 


ZP = = Complement of the Latitude 35* 35/ 
AP = Complement of the © Declination 66 31 
AZ = Compl. © Altinide' —_ — 42 oo 


Sam of the theee Side — — 144 6 
Half Sum = 


— beg — — 
Difference 1 
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Then proceed thus ; 8 


Side Z P = Comp. Len S. Co. Ar. 350 35/ 0235162 
Side AZ = Comp. Altit. S. Co. Ar. 42 0 0174489 
Differ. Comp. Lat. and j Sam S. 36 28 9774946 


Differ, Comp. Alrit. and 4 Sum go . 96 
Sum of the Logarithms Pr nos 19 883323 
Half is the Sine of — — 60 58 9941661 
Then 60*'58/ doubled is 12115 = <<. Z = Sur's 
true Azimuth from the North, whoſe Complement to 

a Semi- circle is 58* 4 = the Azimuth from the South. 


Pon XX. 


on * the Latitude f the Place = = 54 25% Nerth, 
the Sun's Altitude = 46* 287 and the T ime of the Day 


= 10 &Check, 43 Min. before Neon; fo find the E 
Azimuth from the North. © ; 


In the oblique ſpheric Triangle AZ Z P, there, are 
given ZP = 35 35 = Compl. Latit. 12 320 
= Compl. © Altitude, with the . P = 19* 15/; to 
find the < Z, the _Sun's Azimuth ow the North. 
(Fre. 48.) 722 

The Perpendicular biing ter fal from 2 upon 45. 
we have two right-angled ſpherical Triangles PBZ, 
ABZ ; in the Triangle P BZ, we have given Z P 
. oF? 35%, and the E 4 P = 19* 157; to find the 
< PZB. 


Analog y 
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Analogy, by Coſt 3 * 
Radius: Tan. <P =19* 1s“ oak 


25/ : Cotan. £ PZB = 14* Ye. | 


Then Cotan. ZP = 35* 35/ Cf < PZB = 
74* 9/ :: Cotan, AZ = 43 32,: ; Gol, L AZB = 
78* * 6 L (Lids 

Then AZB + PZB = 58* &' + 54? g':= 152® 
17 = AZP = San's:true Azimuth from the North; 


South. 


| whoſe Supplement 27 43/ is the Azimuth from the 


Px Os. XXI. 


Given the Latitude of the Place . 25 Nerth, 
the Sun's Declination North = = 6" 43 , and bis Diſtance 


from the Zenith (akvays) = = 108*; to find the true Tine 


of Day. real i in the Morning, and the End of the Even- 
ing Twilight. 


Note, Day-break 1 in the Morning, and the End of 


| the Evening Twilight, is when the Sun is 185 below | 


the Horizon. 


In the oblique-angled boese Triangle 27.4 eye 
are given ZP = 35* 35 =" Compl. Latitude, AP = 
83* 15/ = Compl. Declination,/and of Z = 108? = Sun's 
Diſtance from the Zenith; to ſind the - P'= the 
Hour from Noon of the — Ee 


(Fis. 490 MF 
Or x- 
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OPERATION. 


ZP the Complement of the Latitude — 35 35/ 
AP Complement of the ©'s Declinat. — 83 15 
AZ Is Zenith Diſtance — — 108 oo 


Sum of the three Sides 


Compl. Latit. ſuber. — — 


AKH! ³ ˙ OTE wg" 


Half Sum 


Compl. Declination ſubtr., — 83 15 
Difference — — 30 10 
Then, 


Side Z P Compl. Latit. S. Co. Ar. 35 35 = 0235162 
Side AP Compl. Declin. S. Co. Ar. 83 15 O- 
Diff. Compl. Latit. and ; Sum S. 77 50 = 9990134 
Diff. Compl. Decl. and 5 Sum S. 30 10 = 970115 


Sum of the Logarithns — 19929468 


Half is the Sine of — — 67 13 = 9'964734 
Doubled is —— — 134 26 = < at the 
Pole, which converted into Time is 8h. 57m. 445. the 
End of the Evening Twilight; whoſe Complement to 
12 Hours, is 3h. 2m. 16s. thetrue Time of Day-break, 


N n SECT 
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N * 
SECT I 
TaBLEs of the Sun's Mean MoT10N. 


| Years Sun's Longitude.| Sun's Anomaly | 
complete. 8. * 1 
I as 29 „„ | 22. 29 0d - 39 
1 os 29 [ 238 as 11 49 2:29 14 
| 3 r 8&3 0 83 20 
B 4 3 „ 
s 11 29 47 ag oO SH T7 
| 6 „„ - 3s. *B A 
7 11 29 18 4g 11 29 111 28 
| B 8 S.--m> ]ü 11 29 $$ 13 
} 1 11 29 49 18 11 29 39 $1 
10 11 29 34 38 ot 29 26 28 
| 11 1 
TT 11 29 $2 $9 | 
| i3 ma = 06 1 
14 a a Wyo 3 
158 11 29 22 27 11 29 6 42 
B 16 6 11 29 30 27 
| 17 it 29 $2 $$ an 0. 2: © 
| 18 11 29 38 35 11 29 19 41 
| 19 11 29 24 15 0 
B 20 © >. 11 29 48 4 | 
nm meg n= 
Years [Sun's Longitude. Sun's Anomaly. | 
| current. S. 0 : = © , * | 
1701 EF = WY 6 3 9.43 
l 1721 9 8 23 13 „ 317 as 
| 1741 F 60 a8 426 
5 1761 99 00 o- &. mm | 
* 1781 9 V6 as T0 2 26 
| 1901 „ s 29 10 49 
1821 Sn en 26. 86. If 
1841 9 8 18 27 5 as 46 37 
1 2861 9. 0 av 0 9 26 28 4 | 
1881 9 5 a6. 28 = Da BD. 
1901 9 97 46 30 0 
1921 Ee 7 
1941 9 8 o4 38 5 26 48 
1961 9 813 42 $ a6 36 1s 
1981 9 $8 22 46 S 26 24 16 
3 . 
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of MARCH. Ee AAL || 
= ME = 
-<j|Sun's Lon. Sun's Ano* 8. —<|Sun's Lon. Sun's Ano. f 
Zs. „ »|go 1 »|® 218.9 ' "|go 1 »|&F 
— UV — — 'S _ 
11129 8 201129 8 10] o|| 1]22941 3802 2941 230 8 
22 0 7 28]2 © 7 18] 1|] 23 040 4613 040 320 
32 1 636]2 1 6 26] 2|| 33 139 55|3 139 40| 2 
42 2 54412 2 $533] 3]] 413 239 313 238 48] , 
92 3 453]2 3 442] 4|] 513 335 1213 337 56] ; 
6/2 4 4 1]2 4 3 50 5 613 437 ?2013 437 4| 5 
1 7/2 5 3 9j2 5 258] 6]] 713 536 2813 53612] 8 
82 6 2 18]2 6 2 717 803 635 37]3 63520] , 
9/2 7 12612 7 115] 8-1 913 7344513 734280 g 
10/2 8 03412 8 022] gf s 833 83/3 833 3609 
1112 859 42/2 8 59 3o[10| [11]3 933 1]3 932 44/10 
122 958 5112 956 3911] 123 1032 103 1031 53/11 
132 1057 592 10 57 47112] [13] 3 11 30 18] 311.30 112 
1442 1157 8/2 11 56 56013] 143 12 30 273 12 30 10 13 
1512 12 56 1602 12 56 414/153 13 29 3513 13 29 18 14 
1602 1355 241213 55 115 163 1428 433 14 28 26 15 
1712 1454330214 54 20160731527 5213 15 27 34/16 
1812 1553 41/2 15 53 2881783 1627 13 16 26 42 17 
192 1652 49/2 16 52 361893 1726 83 17 25 5018 
2002 17 51 5802 17 51 54/9 203 18 25 173 18 24 58 19 
210218 51 61218 50 5320/2103 1924 2513 1924 720 
22 2 19 50 14/2 19 50 021/2213 2023 333 20 23 15ʃ21 
2322049 23/2 20 49 922/2303 21 22 4213 21 22 23] 2, 
242 2148 31/2 21 48 17/230 243 2221 5003 22 2131 23 
2502 2247 39/2 22 47 2524/2503 23 20 5813 23 20 39 24 
262 23 46 4812 23 46 3425] [2613 2420 71324 19 48026 
27|2 2445 5612 24 45 42126] |27|3 2519 1503 25 18 56] 2g| 
2802 2545 41225 44 49127] 2803 2618 2313 2618 4|,, 
29|2 26 44 13/2 26 43 58 [282913 27 17 3203 27 17 12] 28 
30|2 27 43 2102 27 43 629 303 28 16 40; 28 16 20 29 
3102 28 42 292 28 42 15 30 3 29 15 480329 15 28 30 
22941 38220 414331 — | — 
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D M AY. © JUNE. 
8 wl | 5 p 8 
Sun's Lon] Sun's Ano. F. <|Sun's Lon. Sun's Ano. © 
S $0. «e236 4-5 Is. „S. » | 
— _ =| |=]  =—| ——_—_—_— 
1 329 15 48] 329 15 28 o| 1429 4% 614 2948 41| o 
2 3 0145613 014 36| 1| | 215 048 14/5 047 50| 1 
34 114 4/4 113 44|"2| | 315 147 235 12 2 
1412131204 2 12 5103456 246315 246 6 3 
$4 3122114 312 94 55 345 05 345 14; 4 
64 4112904 411 86565 4448,56 444 22 5 
7/4 5103/4 510 166 675 53 5605 543 300 6 
814 6 9494 6 9 25| 7| | b|5 643 55 64239] 7 
914 7 854/14 7 8 33] 8] | gof5 7421315 74147 & 
1014 8 8 248 7 409 1005 8 412166 84055] 9 
114 9 7104 9 6 48/10] 15 9295 940 3/10 
12410 6191410 5 57/11] 125 10 39385 10 39 1111 
13411 527411 5 6/12/3511 38 46/56 11 38 19/12 
144412 4300412 414/130 14/512 37 555 12 37 27115 
151413" 3441413 3 22/14] [15151337 3] 13 36 35/14 
161414 2521414 2 2915/1651436 11/5 14 35 43/15 
171415 2 21415 138160 |17]5 1535 205 15 34 51116 
18416 1 9416 0 46|17] 185 16 34285 1634 0117 
19417 017/416 59 54/18] 1951733 36/56 17 33 818 
201417 59 261417 59 319 20518 32 45/5 18 32 17/9 
211418 58 341418 53 110200 215 1931 5315 19317 2520 
221419 57 42] 419 57 18210 2252031 15 20 30 32027 
231420 56 210420 56 27/22] 23 521 30 105 21 29 40022 
24142155 35]421 55 35/230 [24|52229 186 22 28 49/3 
25142255 71422 54 4324250523 28 2605 23 27 574 
2614 23 54 161423 53 52125] 2652427 3515 24 27 6125 
2714 24 $3 24142453 0126] [27152526 43]; 25 26 14/26 
280425 52 32142552 8027 285 26 25 51 26 25 22027 
2914 26 51 411426 51 1628 295 27 25 O 5 27 24 30028 
30427 50 491427 50 24129] 305 28 24 8 5 28 23 3829 
310428 49 57 4 28 49 32 30 | [5292316 5 29 22 430 
142949 642941 41131 ON 


JULY 
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JULY. 


Sun's Lon.| Sun's Ano. 


r 


29 23 16 
o 22 24 


150613 11 12 
161614 10 2016 14 9 47 


29 626 59 96 26 58 33 


30 627 58 1716 27 57 41 
31 628 57 2516 28 56 49 


199 


— 


= 2 - 


© Ow Omn+Þws o 


6 29 56 3316 29 55 $7: 31 


114;712 45 22|7 12 44 43/13 


9 AUGUST. 
* Sun's Lon. Sun 's Ano. 
* S. + "(go - » 
22 
1629 56 336 2955 57 
27 55 42j7 55 6 
37 154 50/7 154 14 
4.7 233 3817 253 22 
8.7 333 77 3523 
L 4 52 15/7 451 37 
717 55123/7 550 45 
8:7 65032,7 649 53 
9,7 7 49 40/7 749 2 


127 10 47 57 1046 26011 
13/711 46 13/7 1145 34012 


17713 443007 1343 31114 
16|714 43 38) 1442 58/15 
17715 42 47|7 1542 7116]. 
18716 41 5571641 15117 
4 3717 23/78 
20718 40 12/7 18 39 32119] 
210719 39 20/7 1938 4% 
22 7 20 38 287 2037 4821 
23 721 37 36% 21 36 5622 
24% 22 36 45/7 2236 4123 
2412 23 34 5317 2335 12,24 
r 2|7 24 34 211/25 
27725 34 10 7 25 33 29 26 
28 726 33 167 26 32 37 (27 
29,727 32 27,7 27 31.45: 
30 28 31 35-7 28 30 53'2 
31729 30 43 72930 13 
8 029 527 029 10 31 


S E P- 
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ETTU OCTOBER. 

| | I 

Sun's Lon. Sun's Ano. 7 — un's Lon. Sun's Ano. 
F... of. c + - 
==|- — = | — —  — 

118 O 29 52 8 02910 09 0 4 29 © 3 

28 129 08 1 2818 129 13119 1 2 
358 228 98 227 26 2 [39 2 2199 2 1 

48 327 17/8 3 26 35 349 3 1279 3 © 
15 426 5618 42544] 41| $19 4 93919 399 

6Þ 525 348 52452 $ 59 45944|9 458 

| 7Þ 624428 6 24 9 719 558 529 558 

8Þ 723 58 723 8 7 819 658 19 657 1307 
9 8 22 59 8 8 22 16 919 757 99 75621]8 
108 922 7,8 921 249 [10] 9 8 56179 8 55 2 
118 1021 15 8 10 20 32100 19 9552509 9 54 371 
128 1120 24811 19 41[11] [12] 91054 34] 91053 4511 
138 1219 328 12 18 50[12| [13] 9115342] 911 52 531 
148 1318 408 13 17 57/13] [14] 91252 49 912 52 
1518 1417 488 14 17 5114] [15] 91351 581 91351 11] 
16]8 1516 57/815 16 13/15] [16] 91451 7] 91450 19. 
178 1616 61816 15 22161 9155016; 915 49 281 


8 1715 14/8 17 14 30 [17] [1 910 4924 91 48 3617 
8 1814 221818 13 38,18] [19] 917 48 32, 9 
2318 913 31 019 12 4719 20 918 47 41 


2111 471821 11 3|21] 22 9204557; 920 45 921 
22 10 56/8 22 10 11/220 [23] 92145 6 92144 1722 
2310 48 23 y 19123 24 922 4414) 9 22 43 2523 
3 24 912]824 827/2425 923 43 22| 923 42 3324 
25 8210825 735/25 [25] 924 42 31] 924 41 412 
2718 26 7 2918 26 6 44126] [27 92541 399 25 40 492 
288 27 637827 552127] [28] 9264047] 9 20 39 572 
2918 28 5 461828 5 1128| [29 927 39 56 9 27 39 52 
308 29 4 54829 4 9129! [30] 928 39 4/928 38 132 
31] 929 38 12] 9 29 37 203 
10 037 2010 036 28 31 
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NOVEMBER. 


G42 


BBs 


O 37 20 
I 36 29 
2 3537, 
3 34 45 
4 33 54 
$ 33 2 
7110 6 32 10 
73119 
8 30 27 
10 929 35 
10 10 28 43 
10 11 27 5210 11 26 57 
101227 0 10 12 26 5 
101326 9 10 13 25 E 
15110 1425 17 10 14 24 — 
1610 15 2425 10 15 23 2 
1711016 23 34 10 16 22 3802 
18110 17 22 42 1017 21 4 
1911018 21 50 10 18 20 , 
20/10 19 20 5910 19 20 3 
10 20 19 11 
10 21 18 18 
Io 22 17 27 
10 23 16 35 
10 24 15 43 
10 25 14 52 
10 26 14 © 
10 27 13 8 


10 28 12 16 
IO 29 II 2 
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IO 
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178 
27 
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510 24 16 40 
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11 011 30 
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1114583801114 57 33/015 
1115 57 44/1115 56 42116 
1116 56 52/1116 55 5017 
1117 56 11 17 54 48118 
1118 55 9/1118 54 6119 
1119 5417/11 19 53 14120 
11 20 53 2511 20 52 221 
112152 341121 51 3022 
1122 51 42/11 22 50 39123 
nne 4 
112449 5911124 48 55Þ25 


112549 71112548 326 
112648 15111 26 47 11127 


I12747 24111 27 46 198 
1128 46 3211128 45, 28129 


I129 45 491129 44 37 30 
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Sect. II. in H duns, Min. Sxe. 
Isun Sun's Anom. I Sun's a 
H o 0 Ul ” H 0 , ” 
, 4 a = -. , ' m 
n " ”" ww ww * ”" „ ww 
—y A 
— —— — — 
7 0 o 2 2831 1 16 23141 
, 0 © 4 5632] 1 18 51 
3] © © 7 24 | [33] 1 21 19 
0 © 9 5134] 1 23 47 | 1 
- © o 12 19 | [35] 1 26 15 | 1 
8 o o 14 4 | 136] 1 28 43 | 1 
710 o 17 16 [ [37] 1 31 11] 1 
810 © 19 43 SS. 2 36 
910 l 39] 1 3 
o 24 383 [0 1 38 44 | 1 
=. o — 6 [Iii 41 2] 1 
o 
EE o 29 34 |[42] 1 43 30 | 1 
13 O o 32 2 |[43] 1 45 — f 
14] © o 34 30 [144] 1 4 5 . 
151 © o 36 58 n 75 
16] © © 39 25 [146] 1 $3 
17 9 o 41 $3 1147] 1 8 2 a 
18] © 0 44 21 — : * pi g 
* 2 — 50 2 3 1242 
2010 © 49 17 : 
21] © o 51 45 [JI 2 19 . 
= - T2 — : 10 36 | 2 
= a o hy 78 ne 
| I x 1 WG | 1$$1} 2 23 $0 |] 2 
28 I : 4 4 ||56] 2 17 59 | 2 
— I 1 6 32 ||s7] 2 20 27 | 2 
2 I 119 o|js8] 2 22 55 | 2 
291 1 | x 11 27 59 2 25 23 2 
E 1 13 65 | vol 2 27 5 
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000000303030 
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wo 
wv 


+ en. £2 "= 
116-0 31 251 22 28 
171 33 20/1 2351 
180 35 14/1 25 14 
19,0 27 81 26 35 
200 39 1127 55 
2100 40 53129 13 
20-42 44 7 39.29 
230 44 35/1 31 43 
240 46 25/1 32 56 
25/0 48 14;1 34 8 
26,0 50 20135 18 
270 51 501 36 26 
28/0 53 391137 33 
29'0 55 2211 38 38 
300 57 7.1.39 41 
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BOOK VII. 


be DEs cxirTION and Uss of the ſeveral Ix- 
$TRUMENTS required in making an actual SU R- 
VEY. 


1 — 


HE whole Practice of making an actual Survey, 

can only be ſaid to conſiſt of two Parts, viz. 1. 

The Meaſuring of Diſtances, 2. The taking of Angles. 

The Inſtraments moſtly in Uſe for Meaſuring of Diſ- 

rances, are the Chain, and the Perambulator (or ſur- 

reying Wheel) the latter being chiefly uſed in Survey- 
ing of Roads. 

But for the aſcertaining the true Quantity of any 

Angle, there are ſeveral Inſtruments; as the Theodo- 


lite, the plain Table, the Semi-circle, and the Cir- 
cumferentor ; but the two latter are out of Uſe at this 


Day, the Preference being (deſervedly) given to the 
rwo former. 

Laſtly, there are other Inſtruments uſed in plotting 
a Survey; as a Scale decimally divided the whole 
Length, commonly called a Feather-edged Scale, a 
Protractor, a Parallel Ruler, &c. of which in their 


Order. 
SECT. 
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— 


rr 
The Deſcription and Uſe of GunTEz's 4 Porr 


CHAIN. 


HERE have been various Sorts of Chains made 
and contrived, according to the particular No- 
tions of different Surveyors; but that called and known 
by the Name of Gunter's Chain, is preferable to all 
others as yet contrived, both for its Exactneſs, and eaſy 
Application, in the Practice of making an actual Sur- 
vey. Its Length is juſt 22 Yards, or 66 Feet, or 4 
Poles, at 5 Yards to the Pole; decimally divided the 
whole Length, into 100 equal Diviſions, by Means of 
as many Links, the Length of each of which is 7:92 
Inches. 

This Chain is marked at the End of 10 
Liuks, with Pieces of Braſs, which Number from 
. each End thereof to the Middle and no further, 
where is hung a circular Piece of Braſs, deno- 
ting 5o Links or the Middle of the Chain; and fo 
may any Number of Links be readily diſcerned, du- 
ring the Time of meaſuring a Diſtance. 

The Manner of working or meaſuring with the 
Chain, is thus : 

Firſt provide a Staff exaQly 6 Feet, 7 Inches, and 
2 tenth Parts long, which muſt be divided into 19 
equal Parts; and is in Length exactly equal to 10 
Links of the Chain, with this you muſt meaſure your 


Offsets, 
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Oſfeets, as ſhall be ſhewn hereafter, and is thence na- 
med an Offset-ſtaff. 

You muſt alſo be provided with 10 ſhort Sticks like 
Arrows, about twe Feet in Length, pik'd with Iron 
at one End, and of a convenient Thickneb, ſo as 
eaſily to be graſped in one Hand. 

Being thus accommodated, let the Man who carries 
the fore End of the Chain, (commonly called the 
Leader of the Chain), take the ten Sticks or Arrows 
in his Hand, and going forward with the Chain, let 
the Perſon who carries the hinder End thereof, ſtand 
at the Station, and hold the End exactly to it, and 
then he muſt direct the Leader of the Chain, by ma- 
king a proper Signal, till he fix him in a direct Line 
with the next Station; there let him put down a 
Stick, Then going forward towards the Station, mea- 
ſure the Diſtance, and make the Offsets; but the 
Manner of doing theſe ſhall be more fully deſcribed 
when we come to lay down the Method of making an 
actual Survey by the Chain only. It is only further to 
be remarked, that the Perſon who carries the hinder 
End of the Chain, muſt be careful to take up every 
Stick as he comes to it, for loſing a Stick is loſing a 
Chain's Length; and to guard againſt chat, the Man 
who carries the hinder End of the Chain, muſt free- 
quently enquire of the Leader of the Chain, how 
many Sticks or Arrows he hath ; and if the Number 
each Man hath, when put together, make ten, there 


can be no Error in that Meaſurement ; if otherwiſe, 


there is a Miſtake, which only can be remedied by a 
ſecond Meaſuring, which by no Means muſt be omit- 
| red 
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ted, as the Truth of the whole Survey is greatly de- 
pendent thereon. 


— 


s EC T. U. 
The Deſcription and Uſe of the PERAMBULATOR, 


or SURVEYING-WHEEL. 


HIS Inſtrument conſiſts of a Wheel neatly laid 

round with Iron, to prevent its wearing; whoſe 
outſide Circumference is 99 Inches, or Half a Statute 
Pole; it has a wooden Frame three Feet long (including 
the Handle and Cheeks), within which the Wheel 
turns in Time of Practice. It has likewiſe a Box of 
about ten Inches Diameter, containing a Motion-work 
of Braſs, on the Face of which are three concentric 
Circles, to each of which belongs an Index or Hand. 


One of theſe Circles is divided into 100 equal Parts, 
ſhewing the Links; one Revolution of which is equal 
to one Gunter's Chain: Another is divided into 80 
equal Parts, denoting the Chains ; one Revolution of 
which anſwers to one Mile: And the other Circle is 
divided into 50 equal Diviſions, noting the Miles ; one 
Revolution of which is equal to 50 Miles. So the 
Diſtance paſſed over by the Wheel at any Time, will 
be expreſſed in Miles, Chains, and Links. 

The Motion-work in the Box being ated upon by 
the Rotation of the Wheel, gives Motion to the three 
Hands or Indices before deſcribed. The Length of 
the whole Inſtrument, from the Extremity of the 


Wheel 
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Wheel to the Handle, is little more than four Feet; 
bur as to its Size, it may be greater or leſs, and ſo 
contrived, as to take in Pieces, (the Wood-work be- 
ing of Mahogany) and put together again, for the 
Convenience and Eaſe of Carriage. 
This Inſtrument having a Theodolite adapted to it, 

is very expeditious in practical Surveyuig, where too 
great Exactneſs is not required; ſeeing by it any Sur. 
veyor will meaſure a Parcel of Ground in Half the 
Time that it can be done by any other Inſtrument, 
And though it be objected, that in paſſing over Ant- 
hills and Plow-ridges, the Diſtance given by the 
Wheel is longer than that given by the Chain, occa- 
ſioned by its paſſing over the Tops and Bottoms of 
ſuch Hills and Ridges ; this I ſay cannot be denied 
ro be Truth, for there will be ſome little Difference 
berween the Diſtance given by this Inſtrument, and 
that given by the Chain; but then of theſe two Mea- 
ſures, give me Leave to aſk the Queſtion, which of 
them is neareſt the Truth? For I eſteem it a Matter 
of Difficulty, to gain the true and exact horizontal 
Diſtance between any two Places, by meaſuring upon 
the Surface of the Earth, let the ſame be performed 
with the utmoſt Care; for though the Chain be free 
from ſome C bjections, which the other Inſtrument is 
liable to, yet what Perſon can pretend to lead a Chain 
in that horizontal Poſition, which is required to make 
a true Diſtance: For the ſwaying of the Chain, the 
Uncertainty of pricking down the Arrows, and withal 
the Variableneſs of its being ſtretched ſo tight as it 
ſhould be; all theſe ſeem to denote as much Uncer- 
ralnty 
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 rainty, and make it ſubject to the ſame Cenſure of Fal- 
libility. 
Having ſufficiently deſcribed all the Parts of the Pe- 
rambulator, I ſhall in the next Place ſhew its Uſe in 
practical Surveying, which is as follows: 
Being well affured of the Truth of your Inſtrument 
before you begin ro meaſure your Diſtance obſerve to 
fet the three Hands or Indices to o, or the Beginning 
of the Diviſions of their reſpective Circles, and then 
driving the Wheel right before you, towards a deſtined 
Station, you (for Example) looking upon the Indices, 
obſerve the Mile Index to ſtand between o and the 
firſt Mark, the Chain Index at its 3oth Diviſion, and 
the Link Isder u 0; the Diſtance ' then gone over 
by the Wheel is 30 Chains. 

Again, ſuppoſe upon a View the Mile Index ſtande 
ken the d 4 2 Dividdas, the Chain Böcken has 
tween the qoth and 41ſt Diviſions, and the Link 
Index at its 64th Disiſion; the Diſtance gone 
— Er ION" 40 Chains, and 64 

inks. 

Thus you may meaſure any Diſtance without Tou- 
ble or Diſturbance to the Mind, and may meaſure the 
Length of a whole Day's Run, letting the Indices re- 
volve, and need not have the Trouble of regulating 
them at every new Station; though I account it verx 
ſafe to regulate the Indices at every Station, neither 
does it une up wich Time, hs 
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SECT. IL 


The Deſcription and Uſe of the common or * 
F RHREODOLII TE. 


HIS Inſtrument conſiſteth of a Braſs Plate, of 13 

or 14 Inches Diameter, but may be made greater 
or leſs at Pleaſure. I he Limb is divided into 3 60 De- 
grees, each of theſe Degrees is ſubdivided by other 
ſmaller Diviſions, which, by the Help of Diagonals 
projected between the outermoſt and innermoſt concen- 
trie Circles drawn upon the Plate, Angles may be taken 
in Degrees and Minutes. There are two plain Sights 
fixed perpendicular to the Plate; and ſome: Theo- 
dolites have a Box and Needle fixed to the Plate, and 
ſome to the Index; ſo there can but be ſaid to be two 
Sorts of plain Theodolites, viz. one whoſe Box is fixed 
to the Plate, and the other having n the 
Index. 


- There are likewiſe two plain Sights fixed to the 
Index. On the under Side of the Plate is a Braſs Ball; 
made and fitted to a Socket upon the Top of a three- 
legg'd Staff; by Means of which and a Spirit Level, 
the Toſtrument is to be reduced to an horizontal Po- 
ſition. 

All plain Theodolites that are moſt uſeful, have 
either the Box fixed to the Index, and the Numbers 
on the Plate contrary to thoſe in the Box (the Eye be- 
ing conceived in the Center ;) or the Box fixed to the 
Plate, and the Numbers inzghk Box increaſe the wo 
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Way with thoſe on the Plate (the Eye being ſuppoſed 
in the Center;) then a Protractor whoſe Numbers in- 
creaſe the ſame Way with thoſe on the Plate, will be 
ſit to lay down both the Angles and Bearings. 

If you have a Theodolite whoſe Box is fixed to the 
Index, and the Numbers on the Plate contrary to thoſe. 
ia the Box; then the fixed Sights muſt always be di- 
rected back to the laſt Station, and the Index to the 
next ; but if it be a Theodolite with its Box fixed to 
the Plate and the Numbers in the Box increaſe 
the ſame Way with thoſe on the Plate; then the fixed 
Sights muſt always be directed to the next Station _ 
the Index to the laſt. 

Alſo further obſerve, that if the Beginning of the 
Degrees are kept towards you when the fixed Sights. 
are directed, and the Flower-de-luce towards you 
when the Index is directed, then the End of the In- 
dex next you, will note on the Limb the Angle, and 
the South End of the Needle in the Box, will point 
out the Bearing. 

The further Uſes of this e hall be here · 
after ſne wn, in practical Surveying. 


. 


SECT. Tv. | 
T he Deſcription and Uſe of the ws i * | 


THEODOLITE. 
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HIS i is the moſt complete, ca and uni- 
verſally uſeful Inſtrument now in being, for 
| P p 2 ſur- 
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ſarveying and plotting of Ground; ſeeing by it all 
Sorts of Ground in whatever Situation the ſame ſhall 


be, and though it be ever ſo hilly or uneven, may be 
truly and accurately delineated or plann'd. 

This Inſtrument hath a vertical Arch of the ſame 
Radius with the Limb, and fixed perpendicular to it; 


being accurately divided into 180 Degrees, by two 
Nineties, from the Vertex downwards either Way. 
On this Arch is mounted a Teleſcope, with a Spirit 
Level fixed thereto at right Angles, to which is ano- 
ther Spirit Level in the Box; by Means of which per- 
pendicular Levels, and four Screws playing between 
two Braſs Plates on the Head of the Staff, the Inftru- 
ment is readily brought to an horizontal Level, that is, 
the Plate of the Inſtrument ies parallel to he Plane of 
the Horizon. . 
There is an Index ane to the vertical Arch, 
which by Help of Tooth and Pinion, is accurately 
moved round the ſame, and carries the Teleſcope 
along with it, ſo that the Elevation or Depreſſion of 
Object above or below the Horizon is readily 
known. This Index has a Vernier or Nonias t6 three 
Minutes; ſo that Angles of Elevation or D 
may be taken to three Minutes of a Degree. 
Within the Degrees on the vertical Arch, are two 
Lines numbered downwards with 10, 20, 30, &c. to 
100, and are cut by the Edge of the Index; theſe ſhew 
the Altitude or Depreſſion of any Object, in the 1 ooth 
Parts of the Diſtance the Inſtrument is placed at in 
Time of Obſervation; on the Right - hand Side is en- 
gravel * and on * L Depreſſion. By 


b* * «$ theſe 
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theſe we eſtimate the Height of any landing Tree, 
&c, Below theſe ate other Diviſions cut by the lower 
Edge of the Index, and ſhew the Difference between 
the Hypothenuſe and Baſe of a right Avgle _ 
always ſuppoliag the Hypothenuſe to conſiſt of 100. 
equal Parts; and conſequently is given by Inſpection, 
the Number of Links to be deducted from each Chain's 
Length. in meaſuring up or down any Aſcent or De- 
ſcent, in order to reduce it to a true horizontal Diſ- 
tance. 
Upon the Teleſcope are fixed two plain Sights, 
which may be uſed in ſhort Diſtances; they are alſo uſe- 


jul in continuing the {ame ſtraight Line both Ways 
from any Sation. 


The Plate of the Inſtrument is accurately divided 
into 360 Degrees, and cut by three Indices with No- 
nius's Diviſions on each and diſtant from each other 
120"; therefore whatever Diviſion on the Limb, is 
cut by the Index under the Eye glaſs of the Tele- 
ſcope, the very ſame will always be found to be cut by 
the other two. 
| There is in fome Theodolites another ſmall Index, 
which is made to cut other particular Diviſions on the 
Limb, uſeful in taking of Breadths, when the perſpec · 
tive View of any Houſe or Building is to be taken. 
The whole Index with the Box fixed thereon, turns 
round on à comical Center, by Means of Tooth and 
Pinien without ſtirring the Needle; there is alſo a 
Spring and Screw adapted » whe-Snden,. by which it 
may be readily fixed to any Part of the Limb, and 
we Oaechyr be ſo ſecured, that there is not the leaſt 
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Danger of its being joſtled out of its Place, while the 
Inſtrument is carrying to another Station. The fur- 
ther Uſes of this Inſtrument will be ſhewa hereafter. 


SECT. V. 


- The Deſcription and Uſe of the Pain TABLE. 


a= 


HE Plain Table is an Inſtrument made of Ma- 

hogany or very good Oak, being well dried and 
ſeaſoned; it is in Form, a Parallelogram about 15 In- 
ches Jong, and 12 Inches broad ; but may be made 
greater or leſs, keeping nearly the ſame Proportion. 

It has a Box-wood Frame fitted to it, which may be 
taken off and put on at Pleaſure, and by Means of 
Joints may be folded up and put in the Pocket, for 
Convenience of Carriage. 

The Frame ſerves to hold on the Paper, when the 
Table is covered therewith, keeping down the Edges 
ſo tight and cloſe, that Schemes or Draughts may be 
drawn thereon. 

On each Side of this Frame are Scales of Inches, 
each divided into 10 equal Parts, and properly -num- 
bred, whoſe Uſes are for the ready and quick drawing 
of parallel Lines upon the Paper, and for ſhifting the 
Paper when Occafion requires it. 

One Side or Edge of this Frame is divided into 360 
Degrees, from a Braſs Center in the Middle of Fre 

T 
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Table; and when put upwards, reſembles the Limb 
of a Theodolite. The other Side or Edge is divided 
into 180*, each Degree being ſubdivided into ſmaller 
Diviſions (like thoſe on the other Side the Frame) ac- 
cordhig to the Magnitude of the Inſtrument, and ſup- 
plics the Place of an Inſtrument called a Semi-circle ; the 
Center of this, is a ſmall Hole exactly in the Middle 
between the two Ends of the Table, and about a 
fourth Part of the Breadth from one of its Sides or 
Edges. 

| There is a Box and Needle annexed to the Side of 
the Table, whoſe Uſes are to take the Bearings front 
the Meridian, when it is uſed as a Theodolite, and to 
find a Meridian Line, when it is ufed as a Plain 
Table. 

There is a Braſs Index belonging this Inſtrument, 
whoſe Length ſomewhat exceeds the Diagonal of the 
Table, lloped away on one of its Sides like a Gunter's 
Scale, which is commonly called the Fiducial Edge : Ir 
has two Sights (one at each End) which ſtand perpen- 
dicular to it, being both of the ſame Height, and fo 
placed, that the vertical Hair ſhall be parallel to, or in 
the ſame Line with the Fiducial Edge. On the upper 


Side of the Index are Scales of equal Parts, Diagonal 
Scales, and a Scale of Chords. 


This Inftrument moves upon a three-legg'd Staff, by 
Means of a Ball and Socket, by which it may be placed 
in any Poſition without removing the Legs. Its further 
Uſes will be ſhewn hereafter, when we come to treat 
of Surveying by the Plain Table. 


- SECT. 
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SECT. VI. 
T he Deſcription and Uſe Pao TAAcT ORS. 
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HERE are ſeveral Sorts of Protractors uſed by 
Surveyors in laying down the Angles of a Sur« 
vey; as 
I. The Semi- circular Protractor; which is, according 
as its Name imports, a Semi circular Plate of Braſs, of 
6 or 8 Inches diameter (that being a ſuitable Size for 
protracting a Survey by,) whoſe Limb is divided into 
180 Degrees, and numbered both Ways with 10, 20, 
30, &c. to 180, each of theſe Degrees is halved, or 
divided in two. In the Middle of its Diameter is a 
ſmall Mark, which is the Center of the Protractor, and 
muſt always be laid to the Angle Point. 
2. The Circular Protractor is much more uſeful 
than the ſemi-circular One, in protrafting of Angles, 
Its outſide Edge or Limb is divided into 369 Degrees, 
like the Limb of a Theodolite, and numbered with 10, 
20, 30, &c. to 360; each Degree is ſubdivided into 
Halves, if the Size of the Inſtrument will admit of it- 
In the Middle of its Diameter is a ſmall Mark, which 
muſt be laid to the Angle Point, when an Angle is to 
be protrafted ; and the Diameter (repreſenting a Me- 
ridian) muſt be laid upon the Meridian Line of any 
Plan, when the Bearing of any Object is to be laid 
down. | 
All the Parts of this Inſtrument being ſo plain, and 
: Ms 
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its Application ſo ſimple and eaſy, 'tis needleſs to fay 
more thereof. 

3. The Round Protractor with open Center and a 
Nontus, is the beſt and moſt uſeful of all Protractors; 
it hath its Limb circular, and accurately divided into 
360 Degrees, and made to number each Way, with 
10, 20, 30, &c. tb 360. It has ati Index with a No- 
nius thereto to three Minutes of a Degtee, which 
moves round the Limb of the Protractor upon an open 
conical Center; that Part of the Index beyond the 
Limb, has a Stecl Point fixed at the End, whoſe Uſe 
is to prick off Angles, being in a direct Line with the 
Center of the Protractor and the Beginnitig of the Di. 
viſions of the Nomut: One of theſe Protractors I had 
from Mr Ben. Cole, Mathematical Inſtrument Maker, 
at the Orrery, No. 136, in Fleet-/treet, London; but 
perceiving that there might be ſome Improvement 
made therein, I returned the Inſtrument, and ordered 
him to open that Part of the Index beyond the Limb, 
and to make a fiducial Edge, exactly to anſwer the Cen- 
ter of the Protractor and the Steel protracting Point, 
which he performed very accurately. The Reaſon aſs 
ſigned for this Altetation is, that whereas it frequently 
happens in protracting of ſeveral Bearings from one Cen- 
ter, that there will be ſome Points falling ſo near each 
other upon the Paper, that it is difficult to diſtinguiſlt 
which is which, wen the Bearings are all prick'd 
down by the Steel Point above deſcribed, therefore to 
prevent Confuſion, I would adviſe in ſuch like Caſes 
to point off the Bearings by the fiducial Edge of the In- 

| _ dev 
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dex, which will give Room, and mike it much leſs 
liable to commit an Error in protracting. 


1 — 


8 E CT. VI. 
The Deſcription and Uſe of Scales. 


1 Caſes of drawing Inſtruments, commonly called 
portable Pocket Caſes, beſides Compaſſes, Draw- 

-pens, Dotting-wheel, &c. Crayon (whoſe Uſes are 
known at the firſt Glance) are a Semi-circular Protrac- 
tor as before deſcribed, a Scale, and Sector; the two 
latter, together with a Feather-edged Scale uſed by 
Surveyors, ſhall be deſcribed in this and the next Sec- 
tion. Alſo ſome very good Caſes have in them a Pa- 
rallel Ruler, which is an Inſtrument particularly re- 
quiſite in practical Surveying. 

The Seales commonly put in Caſes of | 
have beſides Scales of equal Parts of ſeveral Sizes, two 
Diagonal Scales ; the Diagonal Scales, together with a 
Line of Inches, commonly pollcſs one Side of the Scale. 
On the other Side are a Scale of Chords, Rhumbs, 
vines, Tangents and Secants, all conſtrued from the 
fame Radius of a Circle. Some of theſe Scales have 
only Scales of equal Parts, Diagonal Scales, and a Scale 
of Chords. The Lines of Chords, Rhumbs, Sines, 

Tangents 
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Tangents and Secants are uſed in laying down Angles 
or Bearings from the Meridian; the Lines of equal 
Parts ſerve to ſet off Diſtances. 
But the Scale uſed by Surveyors (commonly called a 
Feather-edged Scale) is made of Braſs, Ivory or Wood, 
in Length about 10 or 12 Inches; but may be made 
longer or ſhorter at Pleaſure. It is decimally divided 
the whole Length, cloſe by its Edges which are cut 
Doping, to make it lie cloſe tothe Paper, and numbered 
o, 1, 2, 3, 4, &c. which are called Chains, and 
every one of the intermediate Diviſions is 10 Links; 
the Numbers are ſo placed, as to reckon backwards 
and forwards, and the Beginning of the Diviſion is 
about 2 or 3 of the grand Diviſions off the fore End of 
the Scale, theſe are numbered backwards from o to- 
wards the left Hand, with the Numbers or Figures 1, 
2, 3, &c. The Application and Uſe of this Scale is 
both eaſy and expeditious; for having any Number of 
Chains, &c. to lay down upon a given Line, apply o 
(or the Beginning of the Diviſions) to the Beginning 


af the Line, and keeping its Edge cloſe to the Line, 


with your protracting Pin, point off cloſe by its 


Edge the given Diſtance in Chains, or Chaigs and 


Q 2 SECT. 
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SECT. VIII. 


The Deſcription and Uſe of the SE c To. 


* A. _ 
— 7 4 — 


HE Sector is an Inſtrument of ſuch extraordinary 
Uſe in the ſeveral Branches of the Mathema- 

matics, that to paſs it over in Silence, without a Word 
or two in its Behalf, would be an Injury done to its 
Character | 

This Inſtrument has its Original from the 4. Euc. 6. 
wiz. that Equiangular Triangles are ſimilar. 

It conſiſteth of two Parts moving on a Joint like a 
Carpenter $ Rule, and is made of Silver, Braſs, Ivory, 
or Wood, being in Length 6, 9, or 12 Inches. The 
Lines uſed Sector · wiſe upon the Face of this Inſtru- 
ment, are the Line of Lines, or Line of equal Parts 
and is numbered 1, 2, 3, &c. to 10, and marked 
with LL : the 1 may ſtand for 100, and if ſo, the 2 
will be 200, the 3 will be 300, the 4 will be 400, 
&c. but if the 1 ſtand for 1000, the 2 will be 2000, 
the 3 will be 3000, &c. or if the 1 be 1 Tenth, the 2 
will be 2 Tenths, the 3 will be 3 Tenths, &c. Next 
ro this Line is a Line of Chords flowing from the Cen- 
ter, and numbered with 10, 20, 30, &c. to i. 
where i is placed: a Braſs Point. The Chord of 60 


ng 
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ing the Radius of every Circle, is equal to a Sine of 
9o', or a Tangent of 45*, and is marked C U. 
ral Sines iſſuing from the Center, numbered 10, 20, 
30, &c. to go, and marked at the End with SS. 
Next to this are two Lines of natural Tangents flowing 
from the Center, the one is numbered 10, 20, 30, &c 
to 45, and marked TT at the End : between this and 
the Line of Sines, is a Line of lefler Tangents, iſſuing 
from two Braſs Centers, which begin to number at 45, 
and ſo increaſes to 50, 60, and 75, where it is marked 
tt, and ſupplies the Place of the greater Tangents, 
when the Angle is above 45*. 

On the ſame Face of the Sector with the Line of 
Chords, is the Line of natural Secants, flowing from 
two Braſs Centers, between the Chords and the Line 
of Lines, and numbered 20, 30, 40, 50, 60, and 75, 
and marked with ss. Theſe Chords, Sines, Tangents, 
and Secants are all projected from the ſame Radius of a 
Circle. There are ſeveral other Lines placed upon the 
Sector, which not being uſeful in Surveying, ſhall be 
paſſed over in Silence, 


The Line of Lines is uſeful in reducing of Plans ac= 


| cording to any Proportion, and hence any Plan may be 


enlarged or diminiſhed. at Pleaſure. Ir alſo ſerveth 
to divide a Line into any propoſed Number of equal 
Parts; to find the Proportion between two or more 
given Lines; two Lines being given to find a third in 
Proportion to them; to find a mean Proportion between 
any two given Lines; and laſtly, to divide a Line in 
ſuch Manner as any other given Line is divided, 
: - The 
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The Lines of Chords, Sines, Tangents, and Se- 
cants are uſeful in laying down plain Angles, and alſo 
in projecting the Circles of the Sphere, as hath been 
heretofore fhewn. 


SECT. IX. 
The Deſcription and Uſe of the PARALLEL RVLEA. 
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HE Parallel Ruler is made of Braſs, Ivory, or 
Wood; in Length from 44 Inches to 36. I 
copfiſterh of two Rulers connected together by two me- 
tal Bars, which move round the Rivets that faſten their 
Ends; theſe Bars are placed in ſuch a Manner, as to 
have the fame Inelination to each Ruler, ſo will they 
be parallel to each other at every Diſtance, as alſo will 
the Rulers to whatever Extent they open. 

But thoſe Parallel Rulers are the beſt, whoſe Bars 


croſs each other, 23nd move on 2 Joint at their Inter- 


ſection. One End of each Bar moves on a Center, and 
the other End ſlides on Grooves as the Rulers receed. 
This Inſtrument is uſeful in refolyiag ſeveral geo- 
metrical Problems, as alſo in delineating the Lines of 2 
Survey. 
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the true Content or Area of any Parcel of Ground: 
It alſo layeth down Rules and Precepts, for planni 
or repreſenting in Miniature, any Part or Portion of 
the terraqueous Globe, 
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SEC. 1 
Surveying and plotting of Ground by the CHAIx. 
Prxore. I. 


To find the Area of any Incleſure ABCDEFG, 
whoſe Hedges are ſtraight. (Fis. 1.) 
RU L E. 

Set up Marks or Station - ſtaves at every Corner of 
the Field, then the Field being divided into Tri- 
angles or Trapeziums, or both, begin at 4, and mea- 
ſure the Baſe HC, as alſo the Perpendicular Ba: in 
like Manner meaſure the Diagonal 4D, and two Per- 
pendiculars & b, Cc. Thus meaſure all the remaining 
Baſes, Diagonals, and Perpendiculars, that is, take 
their Dimenſions as above directed. Then find the 
Area of each Triangle, by Prob. 27. B. IL and of 
etch 'Trapegium, by Prob. 268. | 4 
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Note, To let fall Perpendiculars in the Field, uſe an 
Inſtrument called a Croſs. 

A Specimen 6f the Field-book belonging Surveys of 
this Kind, is as follows; in which, the firſt Column on 
the left Hand contains the Perpendiculars on the Lefc 
of the Baſes or Diagonals ; the ſecond Column contains 
the Baſes or Diagonals ; the third the Perpendiculars 
on the Right of the Baſes or Diagonals; the fourth the 
Multipliers, and the fifth the double Areas. 


The FIELD BOOK. 


| : 2 
Perpen- |Diagonals| Perpen- Multipli- 
| diculars. | or Baſes. dieulars. ers. Double Areas | 


i 1 (4) | | 5 l 
102 | 405 790 X 102 80580 
790 


2 (A) 
| 2 3 
| 160 1478 C [378 +250 


c 250 732 75 X 870 546360 
; 70 


| 


|3 (P) 
0 


F 220 250 
820 


| | 4(C) | 

8 290 fi F |615X 1760] 104550 

| | 825 J 589 

| bes here. | | Aaoable Area. | 
This 911890 being reduced by the latter Part of 

Rule 2, in Prob. 22, B. II. is=4 A. 2 . 95120 f. 

= Area of the given Field. FIG. 1, Prior, 


20 X 2 180400 
| 3 ; 
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PR O p. II. 


To find the Number of Acres, &c. in any Incleſure 
ABCDEF, whoſe Hedges contain AN Bendings or 
Curves, Fils. 2. 


RU 1 . 


Place a Station: ſtaff a little diſtant from the ſeveral 
Corners A, B, C, &c. of the Field. Then find the 
Area of the Part contained between the traverſe Lines 
and the Hedges, by Prop. 44. B. II. alſo find by the 
laſt Prop. the Area of the Part contained within the 
traverſe Lines; theſe two Areas added together, will 
give the Area of the whole Field. But you muſt ob- 
ſerve, that at every Corner yon have a ſmall Square or 
Parallelogram, whoſe Area may be eaſily obtained, by 
multiplying the laſt and firſt Offsers together, all round 
the Field; as for Example, at the Corner is a little 
Parallelogram, whoſe Breadth may be ſaid to be = 25 
= Offset at 445 in © 1, and its Length 30 = Offset 
at o in © 2; theſe Dimenſions inſert in your Field 
Book, according to the Form hereafter preſcribed, 
whoſe double Area being found, and added to the 
Reſt, will give the double Area of the Whole. 

Note, The Offsets are moſt commodiouſly meaſured 
with the Offset-ſtaff before deſcribed, in the Deſcrip- 
tion and Uſe of the Chain, : 
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The FIELD BOOK 
Jo. L OI. o. . . |D.4 
Q 1 in Riggs 
Oo 30 60 X 25 1500 
Corner 4 3* 7s -] 4.1 99239 |} ow 
25 | 445 25 | 150 X 67 | 11390 
© 2 in Ditto. 32690 
O 30 40 X 20 8oo 
Cor. * 275 | 50 | 275 * 80 | 22000 
| 20 | 442 | 20 167 X 70 11690 
Oz in Ditto 67180 
939 64 * 28 9 
5 20 | 35 | 20X55 es 
; 30 | 160 X 6 
Cor $35 362 32 182 * 85 11284 
© 4 in] Ditto. 91756 
v 28 12600 
200 | 35 | 200 X 63 
420 | go | 220X 65 — 
© 5 in Ditto. 15095 
| O 30 go x 30 1 
© 6 in Ditto. 
0 45 60 X 38 2280 
> 435 | 40 | 435 x By | 39975 
Cor. J 30 550 | 38 115 K 78 [. 8970 
| To © 1 carried over 196581 


The 
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0. L. L. Jo. R. M. D. A. 
et. to O 2 in Ditto. | drought over 196581 
O 
20 148 to 
10oO 410 6-6 P 3 
746 746 X 558] 416268 
To © 4 
et wy in Ditto 6128 
To Oi 320 318 155 X61 4 43570 
740 | 294 [lo O5 1076419 
755 =5$acr. Ir, 211352 p. 
ToQ6 = the Area. 


Note, On the Tops of the Columns in the Field 
Book, © L ſignifieth Station-lines; O. R — Offers 
Right; O. L — Offsets Left; M — Multipliers; D. A 
— Double Areas. FI G. 2. 


PRO p. III. 
To take the Quantity of any Angle BAC. FI. 3, 4, 5. 
R L E. 


Let A, B, C denote three Stations in a Field. 
Hold one End of the Chain at A, and direct your 
Aſſiſtant to place the other End at D and E ſucceſ- 
ſively, where he muſt ſtick two very ſtraight Staves, 
ſo as to be in a direct Line with the Station-ſtaves A, 
B, and C; meaſure the Diſtance between the Sticks 
D, E, which will be the Quantity of the Angle. But 

R.r 2 if 
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if the Angle be greater than a Sextant (or 60 De- 
grees,) take it at two, three, or more Times, as you 
ſind it moſt convenient. If the Angle exceed a Semi- 
circle, annex the Mark , to the Quantity found 
as above; but if it be leſs than a Semi- circle, prefix 
the Mark 2. When the Angle to be taken is greater 
than a Scmi-circle, it is beſt to take its Supplement, 
and prefix the Mark ⁊ as above. 

The Method ot expreſſing the Quantity of an An- 
gle, is thus; | e 

Radius 1007 = The Meaſure of the Angle B. AC. 

Chord 80 : FiG. z. 


Radius 100% _ The Meaſure of the Angle 
< Chord | = | BAC. Fis. 4. 


Radius 100) 


70 | = The Meaſure of the Angle 
Chords 85 B.. Fie. 5. 


100 } 


P oO r. IV. 


To protratt or lay down any Angle BAC, having the 
Radius AD, and the Chords DE, EF, and FG given. 
FIG. 5. 


ks cs: 


Draw AB at Pleafure. With the Radius AD, and 
one Foot of the Compaſſes on the Angle Point A, 
deſcribe the Arch DEG ; ſet the Chords DE, EF, 
and F ſeverally upon the Arch, from D to E, from 

E 
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E to F, and from F to G. Through G draw a Line 
AC, ſo will B.AC be the Angle required. 


PI r. V. 


To take the Plat of a Field ABCDEFG. 


Take the Angles at the ſeveral Stations, by Prop. 3, 
and meaſure the Diſtances and Offsets by Prop. 2, 


which enter in a Field Book, according to the Form 
hereafter following. 


The FIELD BOOK. 


REMARKS.|0.|@L| 0. | REMARKS. 
— 1 3 
© 1 In Hodge Cloſe. 
1-0 3 9d 
. 060 
, O 28 
160 | 30 
240 20 
375 30 
© 2 in Ditto 
R. | 100 
70 
90 | 
14; 
45 | 
0 
376 1 40 
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T he FIELD BOOK. 
REMARK Ss o. OIL. 0. REMARKS. 
Eo Oz in Ditto. 
R. 100 
0 0 70 
— 55 
0 35 
230 36 
410 36 
430 
© 4 in Ditto. 
R. | 100 
80 
2 100 
95 
O 
210 40 
376 „ 
© 5 in Ditto. 
R. 100 
C 2 
Aci 
O 35 
325 30 
640 34 
© 6 ir|Ditto. 
R. 100 
80 
c 0 
2 40 
215 40 
wala 


Set. I. Svurverine by the Cu Atx. 309 


The FIELD BOOK. 


REMARKS} O. SIL. 0. JREMARKS. 


— — 


37 in Ditto. 


© F16. 6. 
46 30 
40 | 36 


4 3 
| | Cloſe Hodge {Cloſe at © 1. 


To lay down the Plan. 


Draw a Line 1, 2, upon which ſet off the Diſtance; 
160, 240, and 375, as taken from the Field Book. 
At © (or the Station) ſet off an Offset = in 
Length to 28; at 160 lay down an Offset of 20; and 
becauſe the Offsets ſtand in the right Hand Column of 
your Field Book, ſet them off on rhe right Hand Side 
of the traverſe Line 1 2; at 375 prick down an Off- 
ſet of 30 to the Right, for the Reaſon juſt now given. 
Through theſe Points draw a Line A, for one Side 
or Hedge of the Field. At © 2 lay down the Angle 
by Prop. 3, and ſer off the Diſtances and Offsets as be- 
fore, thus proceed at every Station, and you will have 
a true Plan. 

Note, In laying down the Angles, I would recom- 


mend the Uſe of a larger Scale, than the other Part of 
the Work is perform'd by. 


SECT. 


ea WP EE CUES — —— ͤ EH! km — —— — — > . a 2 2 — 
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os & CT. . 


Surveying and Plotting of the GROUND by the 
PLAIN TaBLE. 


n 0:3. V. 


To take the Plat of a Field ABCDE, from one Sta- 
tion © at or near the Middle thereof. Fs. 7. 


v9 ki Fo. $. 


ET RST repreſent the Plain Table covered 
with a Sheet of Paper, on which the Plan of the 

Field is to be drawn. Set up and level Your Inſtru- 
ment at ©, (7) and move the Table about, 'till the 
South Point of the Needle bang over the Flower-de- 
Ince (or 360) in the Box. Faſten the Table in this 
Pofition, and draw a Line Pp.(8) parallel to one of 
its Sides SY or RT, for a Meridian Line to the Plan. 
Then chuſe ſome Point © upon the Paper, which muſt 
denote the Station ©, (7) where the Inſtrument is 
ſtanding in the Field; upon © (8) as a Center, move 
the ſiducial Edge of the Index, *till through the 
Sights you obſerve the Marks or Corners .4, B, C, 
D, E, (7) and cloſe by its Edge draw the Lines OA. 
| D, 
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OB, OC, OD, © E (8) of any ſufficient Length. 
Then meaſure the Diſtances from the Inſtrument at 
O, (7) to the ſeveral Marks, A, B, C, D, E, which 
ſet upon the Lines O 4, OB, OC, O D. OE, 
(8) from O to A, B, C, D, E. Laſtly, join theſe 
Points by drawing the Lines AB, BC, CD, DE, EA, 
which will compleat the Plan ABCDE, every Way 
proportional and ſimilar to the given Field. Fis. 7, 8. 


PRO p. VII. 


To take the Plat of a Field GIBD, from ſeveral Sta- 
tons taken therein. FI G. 9, 10. 


RU L B. 


Set up your Plain Table at © 1, (9) and project 
the Part ABCD, together with © 2, by Prop. 6. 
Then remove your Inſtrument to © 2, lay the Fidu- 
cial Edge of the Index along the Line 1 2, (10) and 
turn the Table this Way or that Way, till the verti- 
cal Hair cleave the Object at © 2; faſten the Inſtru- 
ment in that Direction, and on © 2 (10) as a Center, 
move the Index, and project as before, the remain- 
ing Part of the Field HIREH, (9). 


Pao s VIIL 


To take the Plot of ſeveral Fields lying together, 
from Stations taken therein. FIG. 11, 12. 


* 


Ru l. x. | 
Level your Plain Table at © 1, (11) and take the 
| Plot 


Ss 
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Plot of the Field .4, by Prop. 6. Then take the Plot 
of the other Fields B, C, D, E, by Prop. 7; ſo will 


A, B, C, D, E (12) be the Plans of the Fields .4, 
B, C, D, E (11) 


PRO rr. IX. 


To take the Plot of a large Field or Paſture ABCD. 
Fis. 13 


1 


Divide the Field or Paſture into the Parts E, F, G, 
H, I, X, L, M; theſe conſidered as ſo many diffe- 
rent Fields, may be plotted as ſuch by the laſt Prop. 


na . X. 


To take the Plot of a Field ABCDEF, by going 
round the ſame. FIG. 14, 15. | 


R v 3. 8. 


Set up Marks a little diſtant from the Hedges, 
which maſt be called Stations. Then beginning the 
Survey at Q 1, (14) adjuſt the Inſtrument, and draw 
the Meridian Pp, (15) by Prop. 6. Chuſe any Point 
© 1 for your firſt Station, and draw the traverſe Line 
1 2. Remove your Inſtrument to © 2 (14) in the 
Field, and lay down the Diſtances and Offsets as mea- 
ſured berween the firſt and ſecond Stations, and draw 
the Hedge AB (15). Then lay the Fiducial Edge 
of the Index on the Line 1 2, and turning the Ta- 
ble about, turn back the Sights to © 1, (14) and faſ- 


ren 
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ten it by Means of a Screw which plays in the Socket; 
then moving the Edge of the Index on © 2, (15) di- 
rect the Sights to © 3 (14) in the Field and draw the 
Line 2 3 (15) upon the Paper. Meaſure the Diſ- 
tances and Offsets between the ſecond and third Sta- 
tions in the Field, which being laid down upon the 
Line 2 3, (15) the Hedge BC may be drawn. Thug 
proceed at every Station in the Field, by which a true 
Plan will be obtained. 

You muſt have a Field Book, in which to inſert in 
a fair, regular, and formal Method, the ſeveral Diſ- 
tances and Offsets, with other remarkable Occurences 
which may happen during the Courſe of the Survey. 

A Specimen of which you have as follows. 

Note, when the Inſtrument was ſtanding at © 6, 
(14) and the Index directed forward to © 1 (where 
| you begun the Survey) the Edge thereof would fall or- 
lie upon Ot (15) on the Paper, at the ſame Diſtance 

as meaſured in the Field, if the Work was right. 


The FIELD BOOK 


KE MARK STO. @ L [0.[REMARKS. 
"© | |= 48CDEF 


p” —_ — —B th. — 
_ 
; 
G. + 
— 
r 


314 SurverinG by the PLain TaBLE. Book VIII. 


the FIELD BOOK. 


REMARKS. 


0.0L! 


O3 
© 


250 
520 


© 4 
O 


220 


to © 1. 


455 


— 


© 6 
0 


310 


18 
29 


REMARKS. 


in Ditto 


In Ditto, 


Corner, 
In Ditto. 


Corner. 
In Ditto. 


Corner. Cloſe 


here. 


PR OP. XI. 


To take the Plat of ſeveral Fields A, B, C, D, E, F, 
by Circulation. FI d. 16, 17. 
E 


N VL ©. 


Take the Plot of the Field A, by Prop. 10; then 
return to © 2, (17) where ſet up your Plain Table, 
lay the Fiducial Edge of the Index on the Station- 
line 1 2, (16) and take a Back-fight to © 1, (17) that 
being the Station immediately preceding that you are 
at, (as I always make it cuſtomary at my Return to any 
Station, to take a Back · ſight to the next preceding Sta- 


top) 


# 


EZ 


| 
i 
—— — „ Ine 


* 


#7 


un 
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tion) then the Table being ſecured in that Poſition, 
on © 2 (16) as a Center, direct the Sights to © 5, (17) 
and draw the traverſe Line 2 5 (16) which make = 
Diſtance meaſured on the Ground. Thus proceed: ar 
© 6, (17) which make = Diſtance meaſured on the 
Ground. 'Thus proceed at © 6, (17) and if when the 
Index is directed to the cloſing © 3, (17) its Edge juſt 
touch © 3 (16) on the Table, your Work cloſes, and 
you are ſure of being ſo far Right. The Diſtances 
and Offsets are to be meaſured and delineated, as in 
the foregoing Field .4; after which take the Plot of 
the remaining Fields C, D, E, F, in the very ſame 
Manner as before. See the Field Book. 


The FIELD BOOK. 


SY 


REMARKS.|0.| OL. o. REMAKRS. + 


© 1 In Field A. 


O2 In Ditto. 


© 3 In Ditto. 


© 4 {In Field A. 


| 220 | T9{O 1. Cloſe here Field 4. 


The 
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The FIELD BOOK. 


REMARKS.0.| © L. 


Return to) | © 2 


| Q 


Corner, 2 20 


28] 205 
Corner 16 380 
400 
O5 
| - 
230 
O 6 
o 
Corner 2 20 
25] 155 
15 
Cloſe here 2 


Return to 


9, 


20 
20 


REMARKS. 
In Field A. 


Croſs the Hedge into Field B. 


Croſs the Hedge into the open 
Field. 


In the open Field. 


In the open Field. 
, F | 
Into Field B, 


Croſs the Hedge into Field A. 


To © 3. 
In the open Field. 


In Ditto. 


Bye © for cloſing E. 
Croſs the Hedge into D. 


The 


Seft. II. SuxvErin s by the PLAIX Taps. 317 
The FIELD BOOK. 


REMARKS. 


6 


Return to 


Corner 


Here Field D 
cloſes. 


Return to 


0. OL. 


16 


REMARKS. 
In Field D. 


Here F cloſes. 
Into Field A. 
To Oz in 4. 


In Field D. 


In Ditto. 


In Ditto. 


[To © 4. 
[In Field D. 


Into Field E, 


In Field E. 


In Ditto, 


Cloſe here Field F. 
Into Field C 
Tobye © at zoo in Line 7, 8. 


— — _ _— —— * „„ 
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REMARKS. o. GL. o. REMARKS. 
© Return to]. | O12 In 1 L 
0 
25 15 
Croſs the Hedge into F. 
100 18 | 
265 | 20 | Corner, 
into the open Field, 
290 
| O 13 In the open Field, 
25\ © 
20' 270 
ond ance? | 290 To Q in the open Field. 


—— 


Of ſarfting the Papers. 

In the Praftice of Surveying it almoſt frequently 
happeneth, that the Whole of the Survey cannot be 
contained within the Compaſs of one Sheet of Paper ; 
when this is the Cafe, there is no other Remedy but 
taking off one Sheet, and putting on another, which is 
performed after the Method now to be explained in 
the following Example. 


ExXAMPL x. 


Let AFGL be a Field to be plotted, the Plan of 
which cannot be contained on one Sheet of Paper. F. 18. 


To illuftrate this, we will ſuppoſe AB, BC, CE, 
EF, FG, GI, IK, KL, LA to be all traverſe Lines. 
Then begin at the Station A, and by Prop. 10, work 
forwards to B and C; but in going further towards E, 

you 


cy; WY 


!! Wy 20S 
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you find the traverſe Line goes off the Table at D, 
where make a particular Mark. Then return to the 
Station A again, and work about the the contrary Way 
to L, X, and 7; but in laying down the the next Dif. 
tance 1G, the Line is found to go off the Table as at 
H, where make a Mark as before upon the Paper, 
and alſo be ſure to leave another in the Ground, 
which you muſt do at the other Place D. This done 
take off your Paper, and put a new Sheet on the Ta- 
ble, on which lay the taken- off Sheet towards the con- 
trary End of the Table, by which you may eaſily pro- 

two Lines DE, HG, which will be in the ſame 
true Direction with CD and ZH before laid down. 
Then fixing the Inſtrument at either of the Marks D, 
H in the Ground, perform the remaining Part of the 
Work as you have done in that which went before. 
Fis. 19. 

The Plain Table may be uſed as a Theodolite or 
Semi-circle, by making Uſe of the Graduations on 
the Frame, and then the Angles are taken in Degrees 
and Minutes, which afterwards may be laid down upon 
Paper, by pricking off the Degrees, &c. from the 
Limb of a good Protractor: the Method of doing 
which will be fully ſhewn in the next Seftion, where 
the Uſe of the Theodolite will be diſplayed in every 
Part, But indeed the Plain Table is not an Inſtrument 
at all fit to uſe as a Theodolite, for no Accuracy 
can be expected from it; therefore I would not by any 
Means recommend its Uſe, any otherwiſe than covered 
with a Sheet of Paper. 

Bur all the Methods of Surveying by the Plain Ta- 


ble hitherto given, are at the beſt but tedious and 


; a8 | h trouble. 


320 SURVEYING by the Tuzo50L1TE. Book VIII 


troubleſome (eſ] pecially i in large Surveys where Num- 
bers of Stations are concern'd, and where there is fre 
quent Occaſion for ſhifting of Papers) except the Sur. 
veyor be perfectly expert and {kill'd in his Buſineſs 
and even then he will find it a Difficulty, to cloſe his 
Traverſes ſo correctly as might be wiſhed, after ſach 
piecing and patching of Papers. But a Method of 
Surveying by this Inftrument, ſhall be hereafter ſhewn, 
which is free from all the Inconveniences above-men- 
tioned; as the Trouble of ſhifting the Papers is en- 
tire ly removed, and the Angles (though never ſo many) 
are all expeditiouſly taken and protracted at the ſame 
Time in the Field, within the Compaſs of a common 


Sheet of Paper, though you had Thouſands of Acres 
to ſurvey. 


—_— 


S E CT. III. 


Surveying and Plotting of Ground by the Tur o- 
DOLITE, 


— I. 


PRor. XII. 
To take the Bearings and Angles of ABCDEF. 


Ru IL k. Fi. 20. 


ET up your Theodolite at A, fix the Index to 
360 on the Limb, level the Inſtrument, bring the 
South End of of the Needle to the Flower de- luce 
(or 360) in the Box, and faſten the Limb; this is 
called adjuſting the Inſtrument. Then moving the 


Index 
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Index, till the vertical Hair cleave the Object B, the 
End thereof which is next you will cut on the Limb 
the Bearing as alſo will the South End of the Needle 
in the Box, if no Miſtake has been committed. Re- 
move your 'Theodolite to B, and take a Back-obſerva- 
tion to the Object A, after which (the Limb being ſe- 
cured) dire& the Index to the Mark C, and the End 
thereof which is towards you will give on tne Limb the 
Angle, and the South End of the Needle in the Box 
will note the Bearing. Note, The Back-obſervation 
is always taken with the fixed Sights, if the Theodo 
lite hath its Box fixed to the Index, and the Number, 
in the Box increaſe the contrary Way with thoſe in the 
Plate; otherwiſe the fixed Sights muſt be uſed for the 
Fore-obſervation. Then to prove the Truth of the 
Angle and Bearing, take the two following Rules. 

L To the preſent Angle add the laſt Bearing, from 
that Sum ſubtract 180, and the Remainder is the pre- 
feat Bearing. 

II. To the preſent Bearing add 1807, from that 
Sum deduct the preceding Bearing, the Remainder 
will be the preſent Angle, 

But if the Number to be ſubtracted is the greater; 
add 360 (or a whole Circle) to the lefler, and per- 
form Subtraction as before; and if the Remainder ex- 
ceed 360*, abate 3 60 from it, and the Remainder - 
will be the Bearing or Angle. 

Having taken the Bearing at A, and the Bearing 

and Angle at B, and compared the one by the other; 

in like Manner muſt the Angles and Bearings at C, D, 
TY E, 
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E, F be found and compared, whoſe ſeveral Quan ; 
tities are as below. 


B EARIN GS. AN GLEs. 
A 206* oo" 104* oo 
B 173 45 147 45 
C 84 30 90 45 
D 32 00 127 30 
E 347 45 135 45 
282 ©o 174 15 


To know whether the Plan will cloſe or not: mul- 
tiply 180 by a Number leſs by 2 than the Number of 
the internal Angles, the Product will be equal to the 
Sum of all the Angles in the Field; if there be out- 
ward Angles, uſe their Complements to 180. So in 
the preſent Figure, the Number of internal Angles 
is 6; therefore 180 * 4 (= 6 — 2) = 720 = the Sum 
of all the Angles bath internal and the Complements 
of the external to 180*, 


PR OP. XIII. 


To take the Plat 4 Field ABCD EF, from one 
Station ©, at or about the Middle thereof. FIG. 21. 


RT xk. 


Adjuſt your Theodolite at O, by Prop. 12, and di- 
rect the Index to A, B, C, D, E, F, and it will 
cut the Limb of the Inſtrument at the ſeveral Bearings. 
Meaſure the Diſtance from the Inſtrument at ©, to 
the Corners 4, B, C, D, E, F. 


Or 
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Or thus; 


Direct the fized Sights to A, faſten the Limb, and 
and direct the moveable Sights to the ſeveral Corners 
B, C, D, E, F; and the Index will cut on the 
Limb the Angles. The Bearings, Angles, and Diſ- 
tances are as below. 


| |BEARINGS.|ANGLES,/DISTANCES. 
| . A. A L. 

4 933 9 yo 345 

B 76 45 6 15 450 

. 1 468 
D187 30 192 oo | 320 

E 242 0 226 30 440 

F 305 oo 289 30 420 


To protract the Bearings and Angles, 


Draw the Meridian NS, in which aſſume any Point 
O for your Station; on which lay the Center of a Pro- 
tractor, (its Diameter coinciding with NS) and prick 
of cloſe by its Limb the ſeveral Bearings, as they 
ſtand in the foregoing Table. From © draw the 
Lines OA, OB, OC, ED, OE, OF, upon which 
lay the reſpective Diſtances in the Field Book, and join 
the Points 4, B, C, &c. compleating the Plan. Or, 
if © A be drawn at Pleaſure, you may round the Cen- 
ter © protract the Angles only, by laying the Diame- 
ter of the Protractor along the Line OA; after which 
cloſe by its Limb prick off the ſeveral Angles, and 
then proceed as before. 


PR Of- 


e ———— — — — 
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Prop. XIV. 


25 take the Plot of a Field ABCDEFGTHI, 2 e 
deral Stations taken therein. FIG. 22. 


Nr. 


Adjuſt the Theodolite at © 1, and take the Bear- 
ings and Angles of A4, B, © 2, G, H, I; then re- 
move your Inſtrument to © 2, fix the Index to the 
Bearing thereof, and take a Back-obſervation to © 1, 
and faſten the Limb; then by Prop. 13 take the 
Bearings and Angles of C, D, E, F. Meaſure the 
Diſtances from each Station to the Corners .4, B, C 
&c. as alſo the Diſtance between the two Stations; 


whoſe ſeveral Quantities are as expreſſed in the fol- 
lowing Field Book. 


Or thus; 


After the Bearings and Angles are taken as above, 
inſtead of meaſuring from each Station into the ſeveral 
Corners A, B, C, &c. you need only meaſure from 
© 1 and © 2, to the Corners .4, C, as alſo the Diſ- 
tance between © 1 and © 2; after which take the 
Lengths of the Sides AB, BC, CD, &c. 


Tb 


, 
[ 
1 
& 
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The FIELD BOOK. 


BEARINGS.|ANGLES.| DISTANCES. 
© x LINKS. 
A ” as: :1 oe |: poo 
B 20-3 1-8 
O 2 95 OO 86 40 650 
2 141 0 132 40 260 1 
H 231 30 223 10 _ 
7 332 30 324 10 375 
© 2 
B — — 
C 348% oO | 335* 40 220 
D 3 67 10 276 
E „„ 143 55 307 
F 247 15 238 55 | 215 
G — | — 


To draw the Plan. 


Lay down the Part .ABGHI, by Prop. 13, and 
make the Line 1 2 equal the Diſtance between the Sta- 
tions in the Field. Througn © 2 draw the Meridian 
NS, round which as a Center, lay down the remaining 
Bearings ; by * the Reſt of the Plan CDEF may 


be drawn. 


PRO r. XV. 


To take the Plot of ſeveral Fields, lying contiguous or 
adjoining one to another, from Stations taken towards the 
Middle of each Field. FIG. 23. 


Ru k. 


Take the Plot of. 4, by Prop. 13, and the Plot of B, 
by 
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by Prop. 14; in like Manner plot the other Fields C 
D. 'The Bearings and Diſtances taken in the Field, 


are inſerted in the Field Book ; 
immediately follows. 


The FIELD BOOK. 


a Specimen of which 


— 


RE MARE s. B. % EAR. D I s. R E MARK S. 
5 © 1 in £ ; 
The open| 5 | 350* 15' | 220 Field. 
6 2 15 | 250 . 
© 2] 90 oo 425 
7 | 120 30 | 215 [C. 
John Simpſon's) 8 | 240 45 | 225 Ground. 
O 2 In B, 
The open| 6 Field. 
Milliam 9 | 65* 30 | 240 | Spencer's Ground 
10 118 55 | 244 [[. 
B cloſes 7 2 itt at 7. 
Return to 01 | | In 4. 
©3 180* Oo 230 
O3 8 In = 
13 D. 
84 6 % | 422 
Job Wiles 11 | 127 o — Field. 
obn Wilſon's, 12 | 2 I 2 Ground. 
C cloſes! 8 3 — at 8. 
In D. 
O4 
Henry Alli * 10 Ground, 
ak — 13 | 126*45' | 260 Field. 
D cloſes 11 at 
To draw the Plan. 
'This is wholly performed by Prop. 13 and 14- 


ProO Px. 
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PA O . XVI. 

To take the Plot of one or more Fields A, B, lying 
takes 


Rv L z. 


Set up Marks a little diſtant from the Hedges, quite 
round the Fields, which Marks are named Stations. 
Then Beginning at © 1 in A, take the Bearing there, 
and alſo the Angle and Bearing at every Station in that 
Field, by Prop. 12, and meaſure the Diſtances and Off- 
ſets. Remove your Theodolite to © 4 in A, and take 
a Back- obſer vation to O 3, (that being the Station next 
preceding that you are at, in your Field Book,) and 
then dirett the moveable Sights to O5 in the next 
Field B; ſo will the Index cut on the Limb the Angle, 
and the South Point of the Needle in the Box, will 
give the Bearing. In ke Manner proceed, when you 
take the Angles, Bearings, Diſtances, and Offsers at 
the other Stations. 

But there is a better and more expeditious Method 
of working with the Theodolite, which is 

Thus; 

Set up your Theodolite (ſuppoſe one of the beſt 
Sort, with Tooth and Pinion to both Motions) at Ot; 
fix the Index to o Degr. on the Vertex of the Arch», 
and bring the Bubbles on the Spirit-Levels to the 
Middle of their Tubes; ſo will the horizontal Hair in 
the Teleſcope, and the Limb of the Inſtrument be both 
perfectly level. Set the Index to 360 on the Limb, 
and turn the whole Theodolite about till the South 

90 Point 


. 


328 SURVEYING by the THEODOLITE. Book VIII. 


Point of the Needle ſtand directly at the Flower-de- 
luce (or 3 60 in the Box,) and faſten the Limb; then 
direct the Teleſcope to © 2, and the End of the In. 
dex next you, will give on the Limb the Bearing 
which alſo will be noted by the South. End of the Nee. 
dle in the Box. The Index remaining in this Poſition, 
erect your Theodolite at © 2, and level the Teleſcope 
and Limb as before, then (by moving the Inſtrument 
about) turn back the Teleſope to © 1, and faſten the 
Limb; then the Teleſcope being directed to © z, the 
End of the Index which is next you will give on the 
Limb the Bearing, which alſo will be noted by the 
North End of the Needle in the Box, if no Miſtake is 
committed ; fo will the Needle and the Index the one 
prove the other, and the Bearings will be all expedi- 
tiouſly and truly taken by the Index on the Limb, 
without depending in the leaſt on the Needle. Thus 
proceed at every Station, and you will find one End or 
other of the Needle in the Box, always correſpond 
with the Index on the Limb, at leaſt ſo nearly as to 
prevent or diſcover any Error which might ariſe during 
the Courſe of the Survey. When the Inſtrument is 
brought to ſome Station already entered in your Field 
Book, in order to go round another Field, fix the In. 
dex to the Degree, &c. upon the Limb, of the Station 
preceding that you are at, and take a Back-obſervation 
thereto, ſo will the Inſtrument retain its ſame parallel 
Poſition, and the Work may be carried on as before, 
A Field Book comformable to cach Method ** in 
the next Page. 


The 
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The FIA r FIELD BOOK. 


1 


REMARKS. 0. Je. 8 REMARKS. 
85 | | O 1 A. j 
' 1B |] 264* 10˙ 3 
o 25 J. Jenet's Ground. 
Hedge to Jens. 
290 28 8 
. 122* 10 02 In Ditto. 
B 264 10 £11229 10 . 

38 B | 206 20 Pe 

180 oo | 2 30 C. Coler's Ground. 

200 20 = B. Hedge to 4. - 
6 298 1 | 

4 a © 3 In 4. 
3. 206 20 F.0 76* 45 | ; 

283 o5 -—|® | 10305 

180.00 1 o 3318. Sand's Ground. 

103 O = B. 155 30 | 
"103 o5 = 200 35 

<L 98* 45 BS In Ditto 
J. 18 — 
EE = £<| 98* 45 | 
3 B | 21 50 
.- 4. 8. o Izoſ Field B. 
21 50 =. by 2 Hedge to Ditto. 
, 390 135 
toOr Here cloſes, 
—ͤ— 
Return to 4 In 4. 
Ir 
> 181* 45” B | 104 50 
& 102 og | o * 

284 50 33 30 34 Corner. 

180 oo ; | * the Hedge into J. 
_—_ | and's Ground. 
—_ . N c Hedge to Sand's. 

290 *3o a 


| The 
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The FizsT FIELD BOOK. 


f 


* | 
REMARES./ 


| 


pp 
"A 
”P 
3 


6. 


9. 


The Common, 


823 — * —— . 


REMARKS, 
In B. . 


1 


— 


Hedge to g. 


In B. 


4 
Into Field . 


To Or in 4. 


REMARKS. 


and 


2 


* 


o 
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The Sx cond FIELD BOOK. 


ah 


' REMARKS.Þ. OL 0.|REMARKS. 


Field . 
Hedge to Ditto. 


Cloſe here . 
In A. 


— 


04 
320150 
I 


390 
To O 


To draw the Plan. 
This may be done two Ways; thus. 


1. NS for a Meridian, in which chuſe any 
Point © 1 for your firſt Station; to which apply the 
On in your Field Book and draw the Line 1 2 = 290 
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Through © 2 draw another Meridian parallel to the 
former NS, and draw the Line 2 3, = 298, w» make 
an Angle with the Meridian = the Bearing at © 2; 
and if the Line 2 3 cut the Limb of e 
122 10/, (= Angle at © 2 in the Field Book) you 
may be aſſured your Work is ſo far right; but i ir 
doth not interſet the Edge of the Protractor at the 
Degrees, &c. of the Angle, you may then conclude 
your Work to be wrong, which muſt be examined before 
ou proceed further. 'Thus proceed at every Station 
till the Whole be protrafted ; after which lay down 
the Offsets and draw the Hedges, which will compleat 
the Plan. 

The other Method (by much the beſt) is per- 

thus: 

II. Lay nee 
Center and a Nontus) on any Point ©, choſen at Plea- 
ſure; and moving its Index to the Degree, &c. of 
each Bearing in the ſecond Field Book, point them ſe- 
verally off upon the Paper. Then take away your Pro- 
tractor, and chuſe ſome: Point (© 1) upon Paper, for 
your firſt Station ; then lay the Edge of a Parallel Ru- 
ler on © and the Point numbered 1, extend its other 
Edge till it juſt touch © x, and draw cloſe thereby the 
Line 1 2 = 290 Links. 'Then apply the Edge of the 
Parallel Ruler to © and the Point 2, and its other Edge 
being extended to © 2, draw a Line as before, = Diſ- 


trance 298; thus . * Bearing and Dif- 


tance. 
The Angle included W uy two Traverſe 
Lines, according to this Method, may be had by fub 


tracting the Bearing at the laſt preceding Station, from 
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the Bearing at the preſent Station, (if Subtraction can be 
made) and the Remainder is the preſent Angle; which 
if greater than a Semicircle (or 180*)-is an outſide An- 
gle, if leſs an inſide One: and therefore the Line flow- 
Rs from any Station, muſt be drawn inwardly or out- 


wardly, according as the Angle is leſs or greater than 
1807. Note, If Subtraction cannot be made, add (or 


-borrow) 360*, and then ſubtract as above. 

In my common Practice of Surveying (which is fre- 
quently after this Method,) I moſtiy mark the Bearings 
in the Field Book with the Letters T and F, ſignifying 
true and falſe Bearing, as at every fecond Statioa from 
that I begin at, the Bearing is greater than it ſhould be 
by a Semi-circle (or 180*); and this is occaſioned by 
turning back the Teleſcope, and looking in at the; 
ſame End at every Station. This might be caſily re- 
medied by rwo Teleſcopes, the one lying upon the 
other, and ſo placed that the Axis of the one is exactly 
parallel to the Axis' of the other, with their Eye-ends 
contrarily placed, ſo that Obſervations might be made 
backward or forward, without ſhifting che Inſtrument 
or Index. : 

This Want is partly ſupplied, by the plain Sights, 
which are at preſent fix'd upon the Teleſcopes of our 
beſt Theodolites; but greatly ſhort in Point of Accu- 
racy and Eaſe, and is therefore worthy of our Inſtru- - 
ment-maker's Notice. 

This Method of Protracting (or laying down Angles) 
from one Center, is but known to few Suryeyors, and 
conſequently has not been much uſed. Ir is of that 
Availment in the Practice of Surveying, that without it 


nnn rendered incapable of drawing a Plan of 
f any 
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any Size, with that Degree of Accuracy which is re- 
quired, or might be wiſh'd for. 

I have, I hope, ſufficiently demonſtrated every 
Branch of Practical Surveying, ſo far as relates to the 
meaſuring of Lines and Angles : and have alſo pointed 
out ſome of the belt Forms of keeping a Field Book, 
which is one great Secret of Land- ſurveying; with al 
the Varieties of Protrating. | | 


It is very eaſy to account for the Difficulty of 


cloſing a Plan, when we know that the Angles or 
Bearings have been protracted, according to the com- 
mon Form before ſhewn, which is all the Method that 
has as yet been practiſed, by even the moſt noted and 
eminent of our practiſing Surveyors ; for conſidering 


GENERAL PROBLEM 
To take the Plan of @ Gentleman's Eſtate, Manor 
Pp. | 8 
In order to ſurvey a Gentleman's Eſtate, it is neceſ- 
fary that the Surveyor be not only well filr d in boch 


the 
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the Theory and Practice of Surveying, but that he be 
well equipped with Inſtruments fitting for his Purpoſe, 
viz. ſuch as will meaſure Lines, take and protrat An- 
gles or Bearings, and reduce Schemes or Plans. 

The deſt Inſtrument for meaſuring Diſtances, is 2 
ſtrong four-pole Chain at 55. Yards to the Pole, as be- 
fore deſcribed. The Perambulator is alſo an Inſtru- 
ment for meaſuring Diſtances, being more expeditious 
than accurate ; „ 
or in County Surveys. 

For meaſuring of Angles, or taking the Poſition of 
Lines, no Inſtrument whatever. equals the Theodolite, 
of which there are various Sorts, as before deſcribed. 

For protracting or laying down Angles, the only ad- 
vantageous Inſtrument, is a round Protractor with an 
open Center and a Nomus; by which Angles may be 
protraſted to three Minutes of a Degree. There are 
other Protractors of more ſimple Conſtruction, both cir- 
ler all of which have been already 
deſcribet. 

For hing down Diſtances aod pricking off Offers, 
the Feather - edged Scales (already deſcribed) deſerve 
the Preference; as alſo doth the croſs-barr'd Parallel 
Ruler, — —— * n 
nen It 410 3 11 
„ EX AAT 9 2 


To take à Furdey or Plan, of the Eſtate if the Right 
Hon, H , Earl of B-—, fituate at _—_— in 
the Pariſh of L—, and County of N | 

Set up your Theodolite at A, ts rt * 


N di 12) . 


«" 
14 p . 
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AB, and meaſure its Length, with every particular 
Offset to the Right or Left, as they occur. Then re- 
move your Inſtrument to B in in the Lane, and take 
as before the Poſition or Bearing of BC, with its Dif- 
tance and Offsets. This done, remove your Theodo- 
lite to C, D, E, F, G and H, and repeat the Work 
as before, ſo will the Work of the firſt Field, viz. Al- 
der Wood be finiſhed. There are ſeveral other Parti- 
culars, which ſhould have been noticed, ſuch as the 
Names of the Fields, &c. on the Right and Left, and 
to which of them ſach and ſuch particular Hedges, 
Walls, Fences, Ditches, &c. do belong, with other 
Particulars, which cannot be recited here, together with 
the Form or Method of diſpoſing or ranging them in 
a Book kept for that Uſe, commonly called a Field 
Book; I ſay to make a Recital of all theſe, would in 
this Place be ſuperfluous; as the Field Book directly 
follows, in which are contained all the Occurrences, - 
which can poſhbly happen during the Survey; fo that 
by examining the Field Book, and by comparing it and 
the Plan together, more Knowledge will be acquired, 
than can poſſibly be expected from a Number of te- 
dious Repetitions. 

Alder Wood being finiſhed, you next remove your 
'Theodolite to Fin the Lane, from whence proceed as 
before, till Spring Cloſe and the Reſt of the Fields ars 
finiſhed. l 

Note, The Inſtrument uſed in this Survey, is 2 
— ed. * nne 
the Inder. 


PPD. ¼ , WF . AY . , &. oF WW - W T 
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The FIELD BOOK. 


A Survey of the Eflate of the Right Hon. H—, 
Earl of B——, fituate at A——, in the Pariſh of 
LI, and County of N; by 1— B—, Sur- 
veyor. 1 r 


2 1 


REMARE s. ||, ©L 2. REMARKS. 


? 


x | onday, Nov. 7, 1768. 
a the Lane. 


— 


J. Wilſon's Ground. |1 © {[rof{Lord L—"$5 Ground. 
Hedge to — 2 Hedge to Lord. 
Againſt Hedge. 1 15 [10 Hedge. 
Bela Holme. | ]4ider Wood. 
Hedge to Holme. | [Hedge to Alder Wood, 
Corner. 10|Corner, 
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The FIELD BOOK. 


REMARKS. 01. PA REMARKS. 
86*® oO E : 
180 00 LN O , 2 1 
266 00 3. 12 | 
112 20 | o 
153 . 8 3 # | 

Long Moor i | 
Hedge to Ditto. 
9 L0 = — Long 
10 126 J6 9 8 
1 © 6(F) SY 
185* 45 >1279* 45 
180 oo 3.185 45 
365 45 1 
86 oo Spring Cloſe, . roſe the Hedge into A- 
279 45 = > l. to Dit. der Wood. 
Cor. 28 8] 154 
30 193 | 
178* oo 8 7 (6) | Alder Wood. 
180 oo 2 7215 
358 00” B.|178 oo | 
185 45 l 4 — | IRE 
172 15 = ws RS | 
W toLord L—'s Ground. 
212 
266* 30 [© 8 ( Lord L—'s Ground. 
180 oo >] 268* 30 e 
270 3.266 30 
178 oo o l — Wood. 1 
268 30 = > | edge to Lord L— 
———— 275 fig Cor. cloſe here. 
: 280 nto the Lane. 
288 0 © I in the Lane, 


The 
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The FIELD BOOK 


, 


131 


RE MARES. p. OL. Þ] REMARKS. 
EReturn © 6 (F | |In the Lane. 


g0* 30 < 184* 30 
180 00 B.; go 30 
270 30 Long Moor ioo o - 
86 00 Hedge to D, . | 
181 30 =< i 8 | Againſt 
— | Spring Cloſe. 
Hedge to Ditto, 
126 
Into Eaſtfield. 


138 Bye © for the Return to 


go round Long Moor. 
226 10 
184* 4& 22 (7) In Eaſtfield. 
180 oO #24 101 
6 14184 40 | | 
* 75 Nees 0 | — 
274 10 = < 18] 10 Croſs ge into 
—_— 5| 166 | | Spring Clo. 
17 182 
4 | 285 
14 394 | | 
| | inte Lord L—'s Ground. 
271200 In Lord L—'s Ground. 
180 oo 
451 20 | 5 
18 | | pring 0 
266 40 = "> | . 
194 15 PP Os of Alder 
205 | | 
+ Tos nl. I eud 


T he 
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The FIELD BOOK. 


— — 


RE MARK S. ſo. ©L. P. REMARKS. 


17* 0 Return to | O at 138 in Line 6 9. 

180 oo 107* 2& | | 

197 50 17 30 
go 30 
107 70 = L. L. Moor 12 
Hedge to en 


11 
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The 


FIELD BOOK 


REMARKS. p. LO p. TNA 


— — — 


174* 45' | Pu (0) In Ditto. 

180 00 L<] 167* 55 | 

354 45 3.174 45 

186 80 0 0 

107 $5 2 | 8 I | 
8 | 1 | 270 160 Cloſe here. 


| Return 
274* 10” 


181 10% 
180 oo 3.274 10 
454 10 | o 
— 2 8 


181 10 = . 
— EE re Ee ee— 


172* 30 


180 oo | 4 


352 30 
274 10 
78 20 << 


275 To bye Qat 50 in Line 5 6. 
N 13 (N) In Long Moor. 
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The FIELD BOOK. 


REMARKS. 


Flatts.] 


Hedge to Ditto. 


112520 
180 oo 
292 20 
188 40 


en 
B. 


103 40 = _— 
Cloſe 


Return 
271* 35* 
16 Oo 


2 


T J 


5 
6 
> > 


188 40 
o 


— — ] 
REMARKS. . 
A =. IGOR , 


Ditto. 


FT tt ra ww A (=x 
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— 


REMARKS. . © Tl REMARKS. 
180* oo _ 18 (8 J. Wilſon's Ground. 
00 2 273˙ 2 | 
185 oo B. 5s 00 | 
360 00 2 
543 a Cor. 15 14 
271 35 (ale int. 
273 28 F. W 
Hedge to B. Helme. | 
In Bela Holme. 
15 265 | 
oy. - 
29* 30" O 19 (T) In Bala Holme. 
180 oo 204 30 5 
2 0 3.] 29 30 
N. — 0 (Wood. 
Ag. Hed 66 
ON a5, 280 o © 17. (of Flatts. 
ela Holme cloſes at Cor. 
259* oo Return too O 18 (S) J. Wilſoz's Ground. 
180 oo . 16/25 | 
439 00 B.|259 00 8 
27138 0 
167 25 = < | 15 16 Corner. 
az zle Wood. 
edge to Ditto. 
194 2410 
375 1 Corner. 
r n 
Yy The 


— 
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REMARKS.|0.|) OL. 0. 
356* o0' O 20 (0 
180 oo E. 277 o& 
536 00 3. 356 oo 
259 00 © 
277 OO = A= 17 6 

17˙ 40 . 
180 00 O21 (% 
197 40 L 201* 40? 
360_00 B.. 17 40 
557 40 | © 
356_00 I 
201 40=< 94 85 
22 () 
2 248* 30 
86* 10” 86 10 
180 oo 0 
— 13 
17 40 int. 
245 392 << 
res. 
Hedge to Ditto. 
Cor. 10 20 
Cor. 15 167 
| 180 
9845 D230 
180 oo > Ass 

278 45 B. 98 45 
86 10 | | © 
Iy2 35 = . 10. 196 

214 


REMAKKS. 
In J. Wilſen's Ground. 


Corner, 
On Weſt Field. 
Cor, 


In Weſt Field. 


In Ditto. 


In Hazzle Wood. 


In Hazzle Wood. 


Into Bela Holme. 


(17. 
To Bye O at 56 in Line 19, 


The 
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REMARKS. 
8 Return to 
180 os” 

I7 40 


162 25 FF. 


111* 30 

180 oo 

291 30 
o ©g 


291 25= S. Wood. 
edge to Ditto. 


Cor, 


35120 Return to 
180 oo 
531 20 
o © 
531 15 
360 oo 
271 15 . 


Eden River. 


0 © L. 2 REMARKS. 
O22 (X) In Welt Field. 
E 16225 
B, Oo og 
O0 
10 f; Ag. Hedge. 
x 4 Wood. 
Hedge to Ditto, 
314 |1 
O 24 (Z) {In Ditto. 
E 291˙25 
B. 111 30 
O 
12 15 Into Mires. 
14 310 
j 318 
'O25(A*)| In Mires. 
2 161 20 
B.] 92 50 
O ö 
16 184 
Into Bela Holme. 
205 to O 17 Mires cloſe at Cor. of 
| B. Holme and Flatts, 
© 24 (Z) lin Weſt Field. 
£<1171* 15 
3.351 20 
30] O 
10 Ag. Hedge. N 
Scro ood. 
Hedge to Ditto. 
22x us 
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REMARKS. 


105* Doo 

180 oo Hard Ing, 
285 oo H. to Ditto. 
350 oo 

645 oo 

351 20 

293 40 = > 


269 ©0 
r05_00_ Ag. Hodge. 


164 00 = £ B. Field. 
Hedge to Ditto. 


Cloſe here S. Wood. 
At Cor. of Flatts. 


$* xe Return to 
180 00 
183 55 

60 oo 
543 55 Ag. Hedge. 
356 0 Powland's. 


187 55 = 187 55=>H. toD. 


0. © L. 0. 


26(B*), 
>|293* 40 
B. 105 oo 


o 
20 
int. 


is] 22 


REMARKS. 
In Ditto. © 


In Scroggy Wood. 


Bye O for cloſing H. In. 


In Scroggy Wood. 


Croſs the Hedge into 
the Lane. 
To© 15 in Flatts. 


In Eaſt Field, 
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REMARKS. (0. SL. 
358* 30 ©28(D*) 
180 oo <| 174* 35 
538 30 5. 358 30 
23s © 
$34 35 oe] - OF 
360 oo 
74 35=<= O29 (E.) 
270˙ o 91 30 
180 oo 3. 270 oo 
450 OO O 
2830 10 
91 30 = << 
258 
180* 45 | '© 30 (F*) 
180 oo 1 go*® 45" 
360 45 . 180 45' 
270 O0 © 
90 45 = << | 
190 
395 
i-.3 
180 · o Return to O29 (E-) 
1 30 2 183 OO 
181 30 B 1 30 
60 oo o 
541 30 Ag. Hedge. 16 16 
358 30 D. Holme. | 
183 oo = H. toD.' 
N 8 210 | 
Corner. 15 375 
˙ʃ ͤ]ũrPô? 3 


0. 


REMARKS. 
In Ditto. ” 


In Ditto. 


Corner. 
Into Powland's. 


I | Denton Holme. 


Hedge to Powland:. 


In Poulands. 


Long Acres, | 
Hedge to Ditto. 


Cor. cloſe here. 

Into Long Moor. 

To © 13 in L. Moor. 

P. cloſes at the Cor. 
of L. M. and Flatts. 


In Eaſt Field. 
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REMARKS. |9. OL. 0. 
260® oof 31062) 5 
180 oo — 787 30 
440 oo B. | 260 oo 
1 3 
438 30 Cor. 1 5 16 
360 oo 
78 30 = << 16 195 
273* 30" ©32(#*) 
180 oO <| 193* 30 
453 30 3. 273 30 
260 00 © 
193 30 = << 15 6 
10 158 
167 15” © 33 5 
180 oo — 73*45 
347 15 3.167 15 
27332 0 
122 10 10 
int. 
| 
s 236 
356 10 
375 
222* 50 Return to O 33 () 
180 oo — 129200 
402 50 B. 222 50 
2. . 
129 20 = << . 
int. 
233 10 


REMARK S. 
In Ditto. 


Upon North Common. 


On North Common. 


On North Common. 


Cor. of L. A. & Swwilland: 


In Denton Holme. 
Long Acres. 


Hedge to Ditto. 


Cloſe at C. of Powland:. 
Into Pewlands. 
To O zo in Powland:s. 


On North Common. 


Into Denton Holme. 
Swillands. 

Hedge to Ditto. 

In Long Acres. 


The 
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_— 


REMARKS. o. 


2738* 155 Return to 


9. Gt le. REMARKS. 
17145  ©34(K, ou In Long Acres. 
180 oo . 15 55 
351 45 B. 171 45 
222 50 0 15 Corner. 
128 55 =< 128 Bye O for cloſing Sil. 
148 14 Ag. Hedge. 
Broad Field. 
Hedge to Long Acres. 
If oi 10 
185* 45" O35(L*) In Ditto. 
180 oo . 194* 00 
365 45 B. 185 45 
171 45 | 0 
194 00 = << 194 16 Cor. cloſe here. 


Into Flatts, (13 1 
Wen 


O33 2 On North Common. 


180 oo — 184 45 
458 75 3. 278 15 
273_30 hat 
l ” 14 
. Swillands. | 
Hedge to Ditto. 
10 16 
12 32 
262. 207 ©36(M*)] On Ditto. 
180 oo [= 164* of' 
442 20 B. 262 20 
=. 8 | 0 
164 O = Ag. H. 17 175 
Rough Paſture. 
Hedge to Ditto. 
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REMARKS. 


— 


173* 25" 
180 oo 
353 25 
262 20 

91 05 = Cor. 
Swillands. 
Hedge to Ditto, 


448 30 
262 20 Rough Paſt, 
186 10 = H. to D. 


O. 


all 


© LIL. o.] REMARKS. 
©37(N*) Jon Ditto. 
91 of 
173 25 
o 
14 Into Rough Paſture. 
| 
90 
160 | 
226 
334 | 
©38 (02) [In Rough Paſture, 
93* 35' 
87 oo 
o 
16 261 Corner. 
int. Broad Field, H. to D. 
| | In Swillands. 
165 [21 
316 {20jC. cloſe here. (34 35. 
333 To Bye Oat 128 in L. 
O37 (NN ) On North Commen. 
186* 10' 
268 30 
o 
350 | | 


The 
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— 


TENAAK s- [9.1 ©L. . REMARKS. 
171 20 | f 2 • On Ditt 
1 , [On Dino 
SE 3. 171 20 
= 0 56 |Eden River, 
| 14 10 Corner. 
8 2 | Into Rough Paſture, 
Wo 5 98 10 Here the Hedge ends, 
| | and Eden River be - 
| comes the Fence. 
1 208 | 16 
| |.324 5 
264* 35 OA) {In Rough Paſture. 
180 oo 29 x 
| .] 204 35 
ee Hedge to Ditto, 
_ 26 | | 164 10 
| | 330 24 
| | Rough Paſture Cloſes 
| at the Corner of 
Swillands & Broad 
| Field. 
1780 10% Return A ©38 (.) In Rough Paſture. 
180 oo . r 
358 10 J. 178 10 | 
173 29 NW 
184 45 = Cor. 20| 22 | 
Broad Field. ſlato Hard Ing. 
Hedge Ditto, 
_ into Scroggy Wood. 
1Broad Field Cloſes at 
Cor. of Hard Ing. 


The 
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REMARKS. .] OL. — REMARKS. 
176* 5o' Return to 40 (2) In 1 Rough Paſture. 
180 oo —-| 185® 30 

B. 176 30 
356 50 2 Eden River continues 
171 20 che Fence. 
18 6 
185 30o= 7 [Into Hard Ing. 
| 222 16 Here EdenRiverceaſes 
| to be the Fence. 
295 19 Cor. of Scroggy Wood. 
304 Into Scroggy Wood. 
320 To bye O at 35 in 
Line 26, 27. 
Hard Ing. Cloſes at 
Cor. of Scrog. Wood. 
Return to © 150 In Ld L—'s Ground. 
FF TOR Oc. Se. | 


Note, The Field Book might have been continued 
further ; but the above containing all the Varieties that 
can poſſibly happen in that Survey, may be ſufficient. 


To draw the Plan. 


This is wholly performed by Prop. 16, fo which 1 
refer the Tyro for further Inſtructions. Fig. 25. 


EXT AML E II. 


To take a Survey or Plan of the Manor or Lordſoiþ 
of W——, in the Pariſh of K S, and County 
ef W—, the Property of the Honourable Sir 1— 
L——, Baronet, © * 


The 


1 25 


Y 


| 
| 
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The Work of this Example is performed by the 
latter Part of the Rule in Prop. 16, 


Note, The Iaſtrument uſed in this Survey, is a 
Theodolite of Cole's Form, with Tooth and Pinion to 
the vertical and horizontal Motions: 


The FIELD BOOK. 
A Survey of the Mator or Lordſbip of W—, the 


Property of the Honourable Sir 1 L—, Barnet; 
by T B-—, S$urveyor. 
| Fis. 26: 
REMARKS. . OL. fo. REMARRS. 
Mr 1. Wilſon's Farm, ſituate at xe W—. Jus 25, 1769, 
O 1 (4) In Sir P — 
Ground. 
7. 355* 25 
o 
Hedge · buts to Turn- 24 25 
mire. 14 
Turn- inire. 
Hedge to Ditto. 
| 20 398 i 
O2 (3) ] {In Ditto. 
F. 183 oO 
o 
1660 _ } bye O for laying 
2 down Eden River. 
i180 to the River's Brink. 
212 {farther Side of Ditto. 
Hodge-butato Seller. ts] 206 |. 
N ] 
Hedge to Ditto.| 
1 315 
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"REMARKS. O. GL. 0. 
O3(Cc) 
1 00? o 
0 
300 220 
15 | 
© 4 (D) 
F. 173% 15 
0 
Hedge - buts to Riggs. 18 22 
Riggs. H. to Ditto. 
Hedge-buts to Rigg's 19 355 
Lane, 
O) 
„ 
© 
HeCge-buts to Long- 20 16 
ſide. | 
Long-ſide. H. te Dit. 
28 350 
S 
F. 169 40 
0 
Hedge · buts to Long- 22 222 
ſide. 
North Moor. 
| 235 
© 7 (C) 
T.] 274* 3& | 
o 
Long - ſide. H. to Dit. 180 18 
Corner 25 Corner. 15 205 
151 600 


REMARKS. 
In Ditto. : 


—_— 


In Ditto. 
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REMARKS. 


3 


Hedge · buts to Square 
| Cloſe. 
Square Cloſe. 


Hedge-buts to Pow-| 


lands. 

Hedge to Ditto. 
Hedge-buts to Pe- 
lands. 

Sand- field. 


Corner. 
Poulandt. Hedge to 
Ditto. 


| OL. 


0. 


1 555 


s 
92 300 
O 


20 


_ 


0 
10 280 


'O 11 (L) 


= | 


CS 


REMARKS. 
on Ditto. 


On Ditto. 
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REMARKS. 0. 


— 


F. 

Hedge - buts to Long- 10 
tailbars. 

Long tailbars. 


Hedge to Ditto. 
20 


Hedge-buts to Ing. 9 
Ingmire. H. to Ditto. 


* 


. 


Hedge - buts to Ing. 2 

Taddle Hed 4 22 
Adams 

30 


Hedge-bnts to Toddles. 10 
South Field. 


EF: 


Corner.' 20 


Teddles; H. to — 


© L. 9. 
© 12(M) 


19 10 


0 
14 


27 
310 


1 


REMARKS. 
In Sand-field 


ö 


ö 


to the Brink of Eder 

River. 

to the farther Side of 
Ditto. 

bye © for cloſing 


In R. Adams's Ground. 


In R. Adams 's Ground. 


| 
In South Field. 
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REMARKS. 


| 


. Field. 
Broad Field. 
Hedge to Ditto. 


Hedge 
Thoath. Hedgeto Dit. 


Hedge · buts to Thoath. 


Turn- mire. 
Hedge to Ditto. 


Thoath. Hedge to Dit 


| 


-buts toThoath. 


0. 


7 


20 


D218 55 


271 30“ 


o 
160 | 
284 
310 


1819 40 
0 
20 
WP 


©19(7) 


. 334" 00 


od 


225 


O28* (8) 


| 


REMARKS. 


— 


In Ditto. 


In Ditto. 


To Or. 
in Ditto. 


the H. into Turn mire. 


In Turn-mire. 
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—— :: DD I —)I— 


REMARKS. |0.| « 


01. 


F. 


820 


2491 
0 . 


165 
280 
318 


405 


. 


| 
| 


19 


* 


19 
20 Cloſe here Thoath at 


51 Bullas-how. 


Turn-mire. 


Hedge to Buller-how, 


The River's Brink, 
Further Side of the R. 
20 Car. Cloſe here. 
Hedge into Sir ? 

2 Ground. 
To®© 3. 


In South Field. 


the H. into Thoath. 


In Thoath. 


H. into Builas-how, 


750 Bullas-how, 


Thoath. 
Hedg e to Bullas-hbow 


Cor. of Turn- mire. 
to O 20. 
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> nEMaARKS. fo. 


= | 


THE 
it 
8 


Broad- field. 
Hedge to Ditto, 
| Clole at Corner 


, 
/ 
F. 


Ws 6 


. l 4 


O14 (0) 
271 30 
+ 


| 


9. 


4 


REMARKS. 
In R. Adams's Ground. 


Hedge into Ingmire, 
Toddler. 
Hedge to Ingmire. 
Bye O for cloſing Tod - 
dles and Broad - field. 
Hedge · buts to Broad - 
| field. 
Broad - field. 
Hedge into Stona. 
Hedge to Stona. 


18 


In Stona. 


* 


201 Corner of Thoath. 
x H. into Bullas-how, 
to © 23. 


in Line 14 23. 


X Hedge into Toddler. 


X |H. into South-field. 

o A 36. 

Clole Toddles and 
Broad - field. 


in Sir 7 — H—'s G. 


H. into Bullas-how. 


Riggs. Hedge to Lit. 
The 
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REMARKS. o. 


Long- tailbars 
Hedge to Ingmire 


Hedge: buts to Long- 


moor. 
Long-moor. 


Hedge to Stona 


. 


0. 


REMARKS. 


— 


In Bullas-how, 


bye 1 Riggs 
Hedge-buns ts T6 Long- 
Long-moor. — to Dit. 


In Ditto. 


Hedge-buts to Stona. 

Stona. 

Hedge to Bulla: - ho. 

bye © for cloſing Ing - 
mire Stona. 

the River Eden. 


' | Bullas-how cloſes at 


the Cor. of Thoath. 
In R. Adams's Ground. 


Hedge into Ingmire. 
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—— 


— — — — 
REMARKS. o.] OI. o. REMARKS. 
8 | |©26 (B*)| In Stona. 
F.] 268* 20 
© 
220 x |Eden River, 
Cloſe Bullas- bow and 22| 466 x | H. into Bullas-how. 
Stona, 
484 to bye O at 136 in 
Line 25 22 
| |©26*(B*)] In Stona. 
F.] 350˙ 45 
o 25 Ingmire. 
. Hedge to Ditto. 
255 30 
| | 480 2 
to O 23 
[Cloſe Ing. at Cor. next 
EI Broad-field, where 
| | Stona likewiſe cloſes, 
O 5* (FE) In Sir P— H—s G. 
T.] 282* 30 
E 
20 
25 : 12: Corner. 
12] 292 10 
O27 (Ci) |in the Lane. 
F. 110* 50 
„ 
22 


3A 2 


T he 
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The FTELD BOOK. 


RE MAR k 4 


Hedge · but to Long- 
moor. | 
Long-moor. H. to Dit, 


— it... te 


: 5 
In the Lane. 


10 


24 


30 
X 


Cloſe Long - moor 


2; ” OL o.; 1 REMARKS. 


028 5 
183 30 


Os 


2 


in Ditto. 


8 Square: 
cloſe. 


Square-toth. 
Hedge to Ditto. 


(in Ditto. 


H. into Long-moor 
Poland,. 
Hedge to Long- moor. 


. . bye O for cloſing Pow- 


lands and Long-tail- 
bars. 

Hedge-bnts. to Long · 
2 
Long :- tailbars. 


into Eden River 
Cloſe here. 

Hedge into Stona. 

to O 26 

At 


1 


at Cor. of Ingmire, 
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RE MARK S. so.] GI. o.] REMARES. 
— — — 1 — 
. | lO 8* (#)  North-moor. 
( F. | 358" 30˙ 
O 
| 15 x [Hedge into Long - ſido. 
| Square Cloſe. 4 
| [Hedge to Ditto. 
202 _ : 
425 26 Cor. Cloſe here. 
1455 Ito O28 in the Lane. 
== | 
JO 9* (7)] Jon Ditto. 
7. 184* 30 
| 0 
15 26 
** — — 
g loſe. 
Powland:. 
| Hedge _— 
470 22 Corner. Cloſe Square 
| Cloſe. 
X |the H. in the Lane. 
485 Ito O zo in the Lane. 
Sr = | 4 
1O12* (41 In Sand- field. 
F.] 2797 
10 112 
I 228 Hedge into Powlands, 
1 Long: tailbars. 
8 Hedge to Ditto. 
14270 420 | 
450 _ [15]Cloſe here Pewland; 
| and Long-tailbars. 
X |the Hedge into Long- 
moor. 
| to bye © at 158 in 
: . = Line 30 26. 


The 
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REMARKS. 0. 


— 


Return to 160 


The River Kn. s © 


Return to 160 


REMARKS. 


in Line 2 3 for laying 
down Eden River, 


in Line 2 3. 


Eden River. 


Eden River. 


The 
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REMARKS. . O I. o. REMARKS. 
ö O35 (L.) In Long-tailbars. 
F. 111 40 

1 
| | 110 15 
242 40 
310 bye O at 368 in Line 
12 13. 
410 to the River's Edge. 
4 - es Cloſe here. 
To draw the Plan. 


Proceed in every Reſpect according to the Directions 
given in Prop. 16, and you will have a true Plan ac- 
cording to the Field Book. FIG. 27. | 


To find the Acres, dc. contained in this Plan. 
Reduce the ſeveral Fields in the Plan, into Trian 


or Trapeziums, or. both ; whoſe Area find by Prob. 27, 
28. Book II. which are as follow. 


AREAS. 


FL | A. IR. P. 
.  Tarn-mire, reduced to the A ABC. 11316 
 Thoath, reduced to the A DEF 112 39 
Bread Field, reduced to the AGHI 2134 
Toddles, reduced to the AX LM 11314 © 
Ingmire, reduced to the A NO P 2| 1] 10 
Strona, reduced to the A © RS 2 | 2| 16 
 Bullas-how, reduced to the AT 4 | 2 | 23 
Long-tailbars, reduced to the AXYZ 2137 
| Long-moor, reduced to the A ADE 4 | 1 | 04 
Riggs, reduced to the A HC 2 | 1] 23: 
Long: ide, reduced to the A RDG 31002 
Square Cloſe, reduced to the A PBS 2|1] 31 
Powlands, reduced to the A VEL 2 | 3 | 20 
34|3| 15} 


B 0 _- K IX. 


Altimetry ; Longimetry ; the Method of finding the bori- 
zontal Lines of Hills and Valleys ; reducing of Plans 
from a greater Scale to @ leſs, or from a leſs to a 
greater ; County Surveying ; the Method of taking the 
PerſpeRtive of any Gentleman's Seat or Building. 


—_— 


SECT. L 
Altimetry, or the Methed of meaſuring acceſſible and 


* 
y WY 17 


PAO r. I. 
To find the Altitude of the Tower AB. Fis. 28. 
8 up your Theodolite at C, and take the Angle 
of Elevation {CB = 459; meaſure the Diſtance 
from the Inſtrument at C, ro A the Foot or Bottom of 
the Tower = 59 Feet. Then to find the Height of 
AB, make AC= 59; alſo draw CB to make an An- 
gle with AC = 45? (the Altitude) and draw the Per- 
pendicu'ar AB to cut CB in B. Then AB mea- 
ſured, is = 59 = the Height of the Tower. Or the 
ſame may be performed by Caſe 3, of right angled 
plain Triangles. 
But Altitudes are moſt commodiouſly taken by the 
beſt Theodolites thus : | 
Set up your Theodolite 4 at the Diſtance of 100 
Feet from the Bottom B of the Tower BC, and level 
it 
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it there; then elevate the Teleſcope, till the horizon- 
tal Hair therein cut the Top C of the Tower, 
and the Index will cut off, among the Diviſions on the 
vertical Arch, a Number of equal Parts, which added 
to AD (= BG) the Height of the Teleſcope from 
the Ground, will give BC the Height of the Tower. 


Or thus : 


The Inſtrument ſtanding at A (= the Diſtance of 
too Feet from the Bottotn of the Tower) dire& the 
Teleſcope to B and C (the Bottom and Top of the 
Tower) and the Index will cut on the vertical Arch 
two Numbers, whoſe Sum ot Difference (according as 
the Obſervations are both above or both below, or the 
one above and the other below the true Level of the 
Inſtrument) is the perpendicular Height of the Tower. 

But provided the Diſtance of the Inſtrument from 
the Tower be not limited; then as 100 : the Diſtance 
: : the Altitude given by the Inſtrument : the true Al- 


titude. Fi. 32. 
P R Oo e. II. 


To find the Height of the Tower AB, as alſo of the Spire 
BC, being inacceſſible. FIG. 28. 

Chuſe two Stations D, E, ſet up your Theodolite 
at D, atid take the Angles B DA, CDF ; alſo at E 
take the Angles BEA, CE F, and meaſure the Diſ- 
tance between the Stations D, E. | 

Then to lay this down upon Paper, draw DE = 
the os Te the Stations; from D draw D 
and DC, to make each an Angle with 4D equal to 


to thoſe taken by the Inſtrument; alſo from E draw 
3B EB 
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EB and EC, according to the Direction of the An- 
gles BEA, CEF, to cut DB and DO (firſt drawn) 
in B and C; then is AB the Height of the Tower, 
and FC — 4B (= Cd) the Height of the Spire. 

Or you may find the Altitudes by trigonometrical 
Calculation ; for there are two oblique-angled Trian- 
gles DCE, DBE, in each of which are known all 
the Angles and the Side DE common to both ; whence 
in the Triangle DCE, the Side DC may be found by 
Caſe 1. of oblique plain Triangles : Alſo in the right- 
angled Triangle DFC, we have the Hypothenuſe DC 
and all the Angles, whence DF, and FC (= Height 
of both Tower and Spire are found by Caſe 3 right 
z; thea again, in the oblique Triangle DBE, the 
Side DE and all the <s are known, whence DB may 
be found. Thea in the right-angled Triangle DBA 
the Hyp. DB and all the Angles are known, from 
whence (by Caſe 3, of right s) the Perp. AB is found 
= Altit. of the Tower. Then FC— 4B = Cd Al- 
titude of the Spire. 


SECT. IL 
Long metry, or the Method of meaſuring acceſſible and 
inacceſſible Diſtances. 


n 
* * * _—_— BY _ 


P x o p. III. 


To findthe Diſtance of the Houſe C, from eit her of the Stations 
A, B; beinginacceſſuble, by Reaſon of theWaterD. Fre 30. 


T each of the Stations A, B, take with your 


— 


— 


Theodolite the Angles BAC, ABC, and mea- 
| en; 
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ſure the Diſtance 4B. Then draw upon Paper a 
Line 4B, which make = the Diſtance between the 
Stations; alſo from A and B draw AC, and BC, ac- 
cording to the Direction of the Angles BAC, ABC; 
their Point of Interſection C is the Place of the Houſe ; 
and A4 C and BC ſeparately meaſured, is its Diſtance 
from each Station 4, B. Alſo in the oblique Trian- 
gle 40 B, all, the Angles and the Side 4B are 
known, from whence the other two Sides 4C, BC 
are found by Caſe 1. oblique plain Triangles. 
Prove IV. | 
To find the Diſtance of two Houſes C, D; being FREED 
fible to each other, and alſo to the Place where you are. 

Fi. 31. 

Chuſe two Stations from whence you can ſee both 
the Houſes C, D; with your Theodolite at .4 and B 
take the Angles CAB, DAB, and CBA, DBA; 
and meaſure the Diſtance between the Stations A4 and 
B. By the Help of theſe Angles and Diſtance con- 
ſtru& rhe Triangles 4 BC, ABD, in each of which 
you have all the Angles and one Side 4 B (common to 
both) known ; from whence, by Caſe 1. of Obliques, 
the Lengrhs of the Sides BC and BD, or AC and 
AD may be found. Then join the Points C, D, by 
which will be formed other two Triangles ACD 
BDC, in each of which are given two Sides and an 
included Angle, by which the third Side CD may be 
found by Caſe 3, of Obliques. Or the Side CD meaſu- 
red on the fame Scale the Diagram is drawn by, will give 
the Diſtance of the Houſes C, D; in like Manner 40 
and AD, as alſo BC and BD meaſured as before, will 
ſhew the Diſtance of C and D from each of the Stations 
A,B, 3B 2 | PrxoP, 
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To take the Plot of a Field CDE FG H, at a Diftance 
from you. Fid. 33. 


Take two Stations .4 and B, from each of which 
the ſeyeral Corners of the Field may be ſeen; then 
with your Theodolite at A and B, take the Quantity 
of the Angles CAB, DAB, EAB, FAB, GAB, 
HAB; as alſo of the Angles CBA, DBA, E BA, 
FBA, GBA, HB A; and meaſure the Diſtance 4B. 
Then Lines being drawing according to the Direction 
of their ſeveral Angles, and their Points of Interſection 
being joined by right Lines, will conſtru a true Plan 
or Draught CDE FG H. | 


SECT. III. 


The Method of finding the Horizontal Lines of Hills 
and Valles. | 


P x O ex. VL 
To find the Horizontal Line of an Hill, FId. 34. 


22 E a Mark C on the Top of the Hill, of 
equal Height with the Inſtrument at D and E 
(ar the Bottom thereof on each Side) that is, the Mark 
C muſt be placed as high from the Ground, as the 
Teleſcope at D, E. Then take the Angles of Ele- 
vation CDF, CEF, and meaſure the Diſtance from 
A avd B (the Foot of the Inſtrument) to the Bottom 
of the Staff C. Then in the two right angled Trian- 

gles 
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gles DFC, E FC, are all the Angles and the Hypo- 
thenuſes ſeparately given; whence the two Baſes 4 G, 
GB, are found by Caſe 1. of right angled Triangles ; 
then 464 6B AB = the horizontal Line of the 
Hill. 


PA Or. VII. 
To find the horizontal Line of a Valley. FG. 35. 


This is the Reverſe of finding the horizontal Line 
of an Hill; for the Angles of Depreſſion D A C, 
DBC being found, and the Diſtances from A and B 
to the Mark C being meaſured ; we have as before, 
two right-angled Triangles, in which all the Angles 
and the Hypothenuſes are known; from whence the 
horizontal Line B may be found as before by Caſe 
1. of right angled Triangles. 

But the Work of this and the laſt foregoing Prop. 
may be much more commodiouſly performed by the 
beſt Theodolites; for the Teleſcope being elevated or 
depreſſed, till the horizontal Hair therein interſects the 
Objects C, C, FIG. 34, 35. the Index will cut off on 
the vertical Arch two Numbers, which being ſepa- 
rately deducted out of each Chain's Length, in meafur- 
ing up or down the Aſcent or Deſcent, will give the 
horizontal Diſtance, 


1 S ECT 
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SECT. Iv. 


Reducing of Plans from à greater Scale to a lefs, or 
from a leſs to a greater. 


— 


PR Or. VIII. 


Let it be required to reduce the Plan AE GK to a Scale 
of Half the Size. FId. 36, 37. 


RAW a Line NO through any Part of the ori- 
ginal Draught (36) and make KN = KO; draw 
another Line NO, (37) and take KN or K © (36) in 
your Compaſſes, which make a parallel Radius to 10: 
10 on the Line of Lines on the Sector; then take the 
parallel Diſtance of 5: 5, and ſer from &, to N and 
O (37). Take NA (36) in your Compaſſes, make 
that a parallel Radius to 10: 10 on the ſame Line cf 
Lines as before, and take the parallel Diſtance 5 : 5, 
with which (and one Foot on N) deſcribe an Arch ,4 
(37); then make OZ (36) a parallel Radius to 10: 10, 
as before, and with the parallel Diſtance 5: 5 (and one 
Foot on D) deſcribe an Arch to cut the former in A 
(37). Again, make N B (36) a parallel Radius to 10 
: 10, and with the paralle] Diſtance 5 : 5 (and one 
Foot on N) deſcribe an Arch B (37); alſo take O B 
(36) in your Compaſſes, and make it a paralle] Radius 
of 10: 10 as before; then with the parallel Diſtance 
5 : 5 (and one Foot in O) cut the former Arch B in 
B (37); in like Manner project the other Points C, D, 
which being joined by Lines, conſtitutes a Draught of 
one 
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one Field: After the ſame Method muſt the other 
Fields be laid down. | 

There is another Method of reducing a Plan by 
geometrical Squares; but that being ſhort, in Point of 
Accuracy, of the firit Method, ſhall therefore be 
omitted. 

There is another very good Method of reducing a 
Plan which does but confiſt of one Field, as ſuppoſe 
ABCDE (F16. 38); and is performes thus : 

The Plan being to be reduced + Part leſs, divide 
any one of its Sides E. A into four equal Parts, and ſet 
one of theſe Parts from A to F; from E draw E B, 
E C, and from F draw FG parallel to A B, which 
will cut E in G; alſo from & draw G H parallel to 
BC, to interſect ECin Hz and laſtly, draw HI a 
rallel ro C D, to cut E D in J; then is EFGHI= 
Part leſs than AB CDE, or = 2 Parts thereof. 


Or by the Sector thus: 


Make E.4 a parallel Radius of 4: 4 on the Line 
of ms; then. rake the parallel Radius 3: 3; and ſet 
from E to , and draw the parallel Lines FG, GH. 
* before. Or thus: Make Z. A, EB, EC, ED 

vely equal the parallel Radius 4 : 4; then take 
the parallel Rains 3: 3, and ſet from E to F, G, H, 
7; which Points being joined, produce the Plan 
E FCH proportional and ſimilar to the original 
ABCDE. 


SECT. 
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County Surveying. 


2 — m—_—. 


OUNTY Surveying is performed in all Reſpects 
SF like unto the Method made uſe of in Surveying 
and Plotting a Gentleman's Eſtate, and the Inſtructions 
given in Seq, 3. Book 8. are here ſufficient for our 
Purpoſe. 

For AG KP may be faid to repreſent ſome County, 
and the ſeveral traverſe Lines therein may be ſuppoſed 
to denote ſo many Highways, or public Roads leading 
to and from ſome City, Town, Village, Church, Caſ- 
tle, or other memorable Monument within the County 
(the Hedges in the Plan being in this Cafe confidered 
as nothing.) 

Then, with your Perambulator for meaſuring Dif- 
tances, and Theodolite for taking the Poſition of Lines 
and the Bearings of remarkable Objects, proceed to 
take the Out-bounds firſt, leaving a Mark at the Croſ- 
ſing of any Road, c. which is to be returned to: As 
ſuppoſe beginning at A, you meaſure forwards (the 
Poſition of A B being firſt taken) to © 2 which is at B; 
from thence you proceed along the Line BC, and at 
© you meet with a Road coming in on the left Hand 
Side, which may be denoted by R ©, where obſerve 
to leave a Mark. 

Then meaſuring forward to © 3, another Road 
comes in, where place a Mark as before. From thence 
proceed to D, where another Road occurs, as alſo 


RR i 


doth another at E, From E proceed to H, where 
ano- 
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another Road comes in; and from H to J, and ſo on 
from Station to Station until the Circuit — at A 
where you firſt began. 

The Out- de Bounds being thus taken, you next 
return to ſome one of the Marks left at the Croſſing of 
ſome Road, as ſuppoſe to &, ſrom whence you meaſure 
along the Road till you come to V, where you enter 
another Road, and leaving a Mark as before, purſue 
your Courſe along the Road VC to C, and one Part of 
the County is ſet off, Then returning to the Mark R, 
proceed from thence to and X, where a Mark being 
left, purſue your Courſe to the Mark , and ſo is ano- 
ther Part of the County finiſhed: 

Returning to O, meaſure forwards till you fall in 
with a Road at O, where leaving a Mark, proceed as 
before to T, where you meet with another Road, and 
a Mark being left as uſual, purſue your Courſe to * 
which cloſes another Part of the County. 

Again return to the Mark D, and meaſure From 
thence to Z, ©, A*, ©; and X; which finiſhes ano. 
ther Part of the County. Then return to © in the 
Road A X, and going from thence to B*, you cloſe 
another Part of the County at T; and returning to 5 
proceed along the Road B* N, to N, which finiſhes 
another Part of the County. 

Return to the Mark E, and meaſure forwards to 
C*, D, and © in the Line ZA“, which cloſes in 
another Part of the County. Then return to D*, and 
purſue your Courſe to E“, Fi, and fo on to BY, 
where another Part of the County cloſes. 

Then returning to D*, meaſure from thence to H. 
which will cloſe another Part of the County, Alfo re- 

3 C turn 
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turn to F*, and from thence proceed to the Mark J, 
ſo will another Part of the County be ſet off, Laſtly, 
return to M, and proceed from thence to the Mark © 
in the Line F* B*, which cloſes the Whole. 

As you are meaſuring along from Station to Station, 
you may take the Bearings of any remarkable Objects, 
ſuch as Churches, Caſtles, Towers, c. which may 
offer themſelves to your View. Then to lay down 
the ſeveral Rivers, meaſure along the Sides thereof, 
beginning at their Entrance into the County, or at the 
Place of their Exit, and ſo purſuing the Courſe there- 
of, as far as the Limits of the County extend. The 
Method of the Field Book is the ſame as already 
ſhewn, Sect. 3. Book 8. As to the Method of Pro- 
tracting, that is the ſame as already ſhewn in protract- 
ing the Srrvey of a Gentleman's Eſtate. FIG. 26. 

As for Cities or Towns of Note, theſe muſt be diſtin- 
guiſhed in the Plan, by ſome particular Mark or Cha- 
racter, and the Name of the City, &c. written cloſe 
beſide it. But any Country- town or Village may be 
denoted in the Plan with a Point only, as thus (.) and 
its Name placed cloſe to it. | 
Roads that have Hedges on the Sides thereof, muſt 
be diſtinguiſhed by black parallel Lines ; but' ſuch as 
are open, and have no Hedges, Walls, &'c. on the 
Sides thereof, may be denoted by pricked Lines. If 
the Road go through a Wood, it muſt be diſtinguiſhed 
in the Plan, by a Number of Trees drawn on all Sides 
thereof, or if it be a Road going over a Mountain, 
ſhadow the Mountain pretty ſtrong at the Bottom, let- 
ting it grow lighter till you come to the Top. 

Rills may be diſtinguiſhed by ſmall Lines, Brooks 

| by 
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by double Lines, and Rivers by ſeveral Lines; alſo 
the Name of the River muſt be inſerted in the Plan. 
Having ſurveyed all the public Highroads, and 
Rivers of Note, you muſt in like Manner ſurvey all 
private Roads, Bridle-roads, and Foot-paths; as alſo 
the (everal ſmall Rills, Rivulets, &'c. which being 
done, and neatly introduced into the Plan, will greatly 
tend to the Beauty and Ornament thereof. FIG. 26. 


— — ls... Att. 


SECT. VL 
The Met had of taking the Perſpective of any Gentleman's 
Seat or Building. | 


DI Perſpective we are to underſtand the Method 
of projecting upon any Plane, any Front, or 

Part of a Building, in ſuch Sort that the Repreſen- 
tation thereof upon the ſaid Plane, ſhall be every Way 
ſimilar to the Appearance of the Building itſelf. For 
the Magnitude of any Object is determined by Lines 
or Rays of Light proceeding therefrom, and meeting 
one another in the Eye of the Obſerver, where an 
Angle is formed either great or ſmall, according to 
the Diſtance of the Object from us; hence it is, that 
every Object which appears under a great Angle, is 
always greater than one which appears under a leſs An- 
gle, and the farther any Object is removed from the 
Eye, the leſs is the viſual Angle, and vice verſa. 
It is alſo further to be obſerved, that the Shape of 
Objects will vary according to the different Planes they 
are projected upon, though the Diſtance from the * 

; 302 I 
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be nevertheleſs the ſame, for the Repreſentation of 
the Front of any Houſe, c. upon a plane Parallel to 
itſelf, is quite different from that upon a plane Oblique 
thereto, as is evident from FIG. o, 71. where the 
Front PK is widely different from the F ront PO, be- 
ing projected upon different Planes. 

Room will not permit me to handle this Subject in 
as copious a Manner as perhaps ſome few of the Curi- 
ous may expect; what I ſhall here do, is to lay down a 
practical Method of Perſpective by the Theodolite 
only, without the Aſſiſtance of any other Inſtrument, 
except a Scale and Compaſſes, a Sector, Protractor, and 
parallel Ruler, theſe being the Inſtruments that every 
Sur veyor either is, or ought to be equipped with. 


E XAMPP I E I. 


Let K @ repreſent a Building, the Perſpeftive of 
which is required to be taken from T, the Place of 
Obſervation, upon a Plane parallel to the Front PE. 
FIG. 70. 

The Method of performing this by mak $ beſt * 
improved Theodolite, is as follows : 

Find the Bearing of the Front PK, to which add 
or ſubtract 90 Degrees, and you will have the direct- 
ing Number, which keep; then remove your Theo- 
dolite to T, the Place of Obſervation, level it there, 
and bring the Index to the Beginning of the Diviſions 
on the Limb, and the Inſtrument being levelled as a- 
foreſaid, the Teleſcope will ſtand at the Beginning of 
the Diviſtons on the vertical Arch; then bring the 
Needle to the directing Number, and ſecure the In- 
ſtrument in this Poſition, which is now adjuſted and fit 
for Oſervation. Di- 
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Direct the Teleſcope to the Point P in the Build- 
ing, and the Index will cut, among the Diviſions on 
the Limb, 20 Feet, and on the vertical Arch 15 Feet. 
Depreſs the Teleſcope to W, and the Indices will cur 
the ſame as before on the Limb, and 64 Feet on the 
vertical Arch. 

Direct the Teleſcope to & in the Building, and the 
Index will cut on the vertical Arch 444 Feet. In 
like Manner direct the Teleſcope to A, B, C, D, E, 
F, G, H, M, O, O,, N, and the Indices will give on the 
Limb and the vertical Arch, as in the following Table. 

For the returned Front aW; find as before the ſe- 
yeral Points à, ö, c, e, g. i, l, u, d, f, b, ł, m, o, whoſe 
Diſtances are as in the following Table. In like 
Manner you may find as many Points as you have Oc- 
caſion for. 


To draw the Plan. 


Draw XT and CY perpendicular to each other ; let 
C denote the Center of the Plan or Picture, and C 
the horizontal Line; from theſe two Lines muſt every 
Part of the Building be laid down, according to their 
apparent Diſtances therefrom. 

N. B. By the Center of the Plan or Picture is meant 
that Point in the Plane thereof, to which a Line 
drawn from the Eye is perpendicular to the ſaid Plane. 

Then make CZ = 20 Feet, and CX = 15; from 
X draw XP parallel to CT, and from Z draw ZP pa- 
rallel to X 7, to cut each other in P, whence the per- 
ſpective Appearance of the Point P is found. In like 
Manner may the perſpeAtive Appearance of any other 
Point be found. 

Again, make ZW (= C'S) = 6x Feet, becauſe oy 

e O 
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Obſervation was downwards, which gives the Point , 
therefore the Line PW in the Plan, is the Repreſenta- 
tion of the Line PW in the Building. Make ZA, 
Z B, Z C, Z D, equal their reſpecti ve Heights in the 
Table. 

For the Point K, make CL = 444, and through 
L draw E L K perpendicular to CV, alſo draw AE, 
BF, CG, Sc. limiting the Tops and Bottoms of the 
Doors, Windows, c. After this Method may every 
other Part of the Front PK be laid down. 

For the returned Front aW ; becauſe C is the Cen- 
ter of the Picture; draw PC, AC, BC, CC, DC, 
determining the Heights of the Windows, &c. The 
Points a, b, c, e, &c. may be all laid down according 
to their reſpective Dimenſions in the Table, and ſo the 
Breadths of the ſeveral Windows, c. may be deter- 
mined. 

Thus may any other Window, Door, Chimney, &c. 
be laid down according to their apparent Magnitudes, 
without ſo much as meaſuring a ſingle Line. 

That this Compendium of Perſpective may be more 
uſeful and better underſtood, I ſhall inſert a few neceſ- 
ſary Theorems of Dr Brook Taylor, ſelected from Page 
155, 156, 157, of Warner's Surveying. 

THrtox, I. All the Lines of any Object (as in a 
Module or Building) which are parallel to one another, 
and to the Picture, will be repreſented by Parallels on 
the Picture. 

TR EO. II. All Lines parallel to the Module or 
Building, which are perpendicular to the Picture, will, 
if continued run to the Center of the Picture, tho? theſe 
Parallels be or be not all in the ſame Plane. 

| THrtoR. 
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Tu kox. III. All Lines in the Module or Building, 

to the Plane of the Horizon, will be in 

the Picture perpendicular to the horizontal Line; and 

theſe three Theorems are ſufficiently viſible in the pre- 
ceding Example. 

THrztor. IV. All Lines in the Module or Building, 
parallel to one another, and to the Plane of the Hori- 
zon, but oblique to the Picture, will meet in ſome one 
Point of the horizontal Line CV. Thus the parallel 
Lines in the Front a, meet in the Point V, and thoſe 
of the Front PO,, meet in the Point 7, Theſe Points 
F and Fare (by Dr Taylor) called the vaniſhing Points 
of theſe Parallels. 

Txtos. V. All the Lines of an Object which are 
parallel to one another, but oblique to the Picture, and 
not parallel to the Plane of the Horizon, will be re- 
preſented by Lines meeting in a vaniſhing Point, found 
by the Interſection of the Picture and a Line drawn 
from the Eye parallel to thoſe parallel Lines. But 
this vaniſhing Point will not be in the horizontal Line, 
but either above or below it. i 

Turok. VI. The Shadows of all parallel Lines 
made by the Interſection of the Sun's Rays, will, on 
the Ground, be parallel ; and conſequently in the Pic- 
ture, either be parallel, as in Theor. r uagh 
a Point in the horizontal Line, as in Theorem 11. 

The laſt Example may be performed another Way, 
by one of the beſt new-improved Theodolites, thus: 

The Bearing of the Front, and the direfting Num- 
ber being found as before, and the Inſtrument duly 
adjuſted at T, by fixing the Index to 360 on the Limb, 
and the Teleſcope to o* on the vertical Arch, and bring- 


ing 


4 


382 The METHOD Bvok IX. 


ing the Needle to the directing Number; direct the 
Teleſcope to P in the Building, and the Index wilt 
cut on the Limb 215 500, and the Teleſcope on the 
vertical Arch 16* 3o/, which enter as you ſee in Ta- 
ble II. with the Mark V, denoting Elevation; then 
depreſs the Teleſcope to V, and tlie Indexes will give 
- 21* 50 on the Limb, and 7* oo! on the vertical 
Arch, which becauſe it is an Angle of Depreſſion myſt 
be noted with the Mark N; after this Method take 
the Angles of A, B, C, Sc. I have, to avoid Con- 
fuſion, only taken a few Angles, by which the Reader 
may readily diſcover how all the reſt may be found. 


To draw the Plan. 


Through C the Center of the Pifture draw CV the 
horizontal Line, and 7CT perpendicular thereto; make 
CT = CF = any Diſtance, according to the Size the 
Plan is to be. With the Center of your Protractor at 
7, prick off the Angle CT Zz = 21* Fol, and draw 
the Line TZ to cut the horizontal Line CV in Z; 
apply the Center of the Protractor to V, and lay down 
the Angle XVC = 169 30/, draw FX to cut the per- 
pendicular Line X in X; through X draw I pa- 
rallel to CV, alſo from 7 draw Z P parallel to CX, to 
cut XP in P. After the ſame Manner may be found 
the Point Y, with all the reſt of the Points A4, B, C, 
Sc. Fis. 70. | 

But this may be done more expediouſly by a Sector 
thus: Make TC (VC) a parallel Radius of 45 : 45 on 
the Line of Tangents, take the parallel Tangent of 
21* 50 and ſet from C to Z, as alſo the parallel Tan- 


gent of 16* 2&/ and fer frem C ro X; cs 
ra 
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rallel Tangent of 16* 30 and ſet from C to X; then 


the parallel Lines Z P, X P being drawn, will inter- 
ſect each other in the Point P; after the ſame Man- 
ner may the other Points 4, B, C, &c, be found with 
Eaſe and Expedition. 


rn 
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EXAMPLE II. 


Let a Q, be a Gentleman's Houſe, the Perſpective 
of which is to. be raken on a Plane oblique to the Fronts 
PO, a V, from T the Place of Obſervation. Fr G. 71. 
Plant the Theodolite and a Staff in the Line SW, 


which is the Ground Line of the Picture, or at equal 


Diſtances from ir. 


Note, If the Obliquity of the Plane of the Picture 
with either Front be given, the Ground Line of the 


* in which (or parallel to which) the Iuſtru- 
3D ment 
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ment and Staff are fixed, muſt be ſet off to make an 
Angle with the ground Line of the Front, equal to the 
Quantity of the given Obiiquity. This done, find as 
before the directing Number, and plant your ]heodo- 
lite at the deſigned Station T, which adjuſt as before 
in the laſt Example. Direct the Teleſcope to the ſe- 
veral Points P, .4, B, W, &c. in the Building, and the 
Indices. will note among the Diviſions on the Limb and 
vertical Arch, the Diſtances of thefe Points. 


To draw the Plan. 


Aſſume any Point C for the Center of the Picture 
and draw CV, C perpendicular to each other Then 
lay down as before in the laſt Example, the Line or 
Coin PW, with the ſeveral Points A, B, &c. and alſo 
the Line ab. Draw Pa, V, which produce till 
they meet in V, which is called the vaniſhing Point. 
Alſo PR, WO being produced, interſe& each other in 
the vaniſhing Point 7, in the horizontal Line YC con- 
tinued ; then proceed with the Fronts PO, aW as 
before in the laſt Example, uſing the vaniſhing Points 
as you did the Center of the Picture. 

This may alſo be performed according to the ſecond 
Method in the laſt Example, only you muſt find the 
Bearing and directing Number of the Ground Line of 
the Picture, inſtead of the Front. 


Bock X. 
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BOOK X. 


Diviſion of Ground in every Part; the T heory and 
Practice of Levelling ; the Method of finding the 
Variation of the Compaſs ; the Manner of Waſhing 
or Colouring of Maps or Plans. © 


OO TF 1 N1 TT 1-0 I 


IVISION of Ground is a very uſeful and 
neceſſary Branch of practical Surveying, teach- 
ing us to divide any Plot or Draught into any Number 
of Parts equal or unequal, according to any afligned 
Proportion, and according to the Quantity and Quality 
of the Ground about to be divided. | | 


——_— — — 
— 


SECT.'L 
Diviſion of Ground in every Part. 


PRO r. I. 


To reduce any Number of Acres, Roods, and Perches, ' 


into ſquare Links. 


| Ru LE. | 
F the Nuaber of Roods given, be 1, 2, or 3, add 
40, 80, or 120 to the given Number of Perches ; 
that Sum multiply by 625 (= the ſquare Links in one 
3D 2 ſquare 


; 
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ſquare Perch) that Product ¶ it conſiſts of 5 Places of 
Figures, write after the Acres; but it it doth not con- 


ſiſt of ſo many Figures, the Deficiency muſt be ſup- 
plied by annexing Cyphers on the left Hard; and 
then the ſame being placed after the Actes, will give 


the Number of ſquare Links * 
Ex 45 MP? LE I. 


Reduce 6 A. 2 r. 18 p. into ſquare Links 
80 + 18 x 625 = 61250 ſquare Links. 
Then 661250 = ſquare Links in 6 Acres 2 r. 18 p. 


Ex 4A mr 19 


Reduce 4 A. or. og p. into ſquare Links. 
8 * 625 = 5000; then 05000 placed after the 4, 
will give 405000 ſquare Links. 
Ex AMS L E III. 
Reduce 10 A. or. 1 p. into ſquare Links. 
Anſ. 100062 5 ſquare Links, 
ExANMT ILE IV. 
Reduce 18 A. 3 r. 12 p. into ſquare Links. 
As. 1882 yoo * Links. 
eee 


Fo lay out any Number of Acres, &c. ( ſuppoſe 28 Acres 
37. 24 p.) in Form of a Square ABCD. Fig. 39. 


Reduce the Acres, c. into ſquare Links by Prop. 
Ii extract the ſquare Root of their Sum (= 28900co); 
whole 
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whoſe Root (= 1710) is the Side of the required 
Square, on which (by Prob. IX. Book I.) draw 4 
Square A B CD, and it is done. 


P x o x. III. 


To lay out any Number of Acres ( ſuppoſe 34 Acres zr. 
18'56 p.) in Form of a Parallelogram ABCD 
whoſe Length AD (= BC) = 2340 Links. Fis. 40. 


Divide the Area 34 Acr. 3 r. 1856 p. by the pro- 
poſed Length 2340 Links, and the Quote 1490 will 
be the Breadth; with the Length 2340 and the 
Breadth 1490, draw (by Prob. X. Book I.) the Paral- 
lelogram 4BCD. Or ſuppoſe the Breadth be given 
inſtead of the Length ; then the Area divided by the 
Breadth quotes the Length; by which you may draw 
the Parallelogram as aboye. 


PR O x. IV. 


To lay out any Number of Acres ( fappoſe 13) in @ 
Triangle ABC, having its Baſe AC given and 
equal to 25 Chains, Fis. 41. 


Divide 260 ſquare Chains (the double Area bs 25 
Chains (the Length of the Baſe AC) and the Quotient 
10'40 is the Length of the Perpendicular BD: Or 
ſuppoſe BD = 10:40 Chains given, then £4; = 25 


Chains the Length of the Baſe .4 C; by which you 
may draw the Triangle 4 B C. 


PxoP. V, 
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Taos V. 


To find a Triangular Field AB C containing 650 ſquare 
Chains, between two Perſons A, B; A to have 213, 
and B the Remainder 437; let A's Part lie towards 
the Corner A, and B's next the Corner C, and both to 
enter at one Gate B in the Corner of the Field. Fig. 42. 


By the Sector. 


Take ACin your Compaſſes, and make it a I Radius 
to 650 : 650 on the Line of Lines; then take the y 
Diſtance 213: 213 and ſet from A to D, and draw 
the Line B D for the diviſional Line of the Field; fo 
ſhall the A ABD be = 213 Chains the Share of 4, 
and the A D C 437 the Share of B. 


ARZITHMETICALL Y. 


The Area being = 650, of which A is to have 213, 
and B the Remainder 437; therefore it will be, as the 
Area of the A ABC 650 : Length of AC 52:: Arca 
of the & ABD 213 : Length of AD 17:55; then 
make AD = 17755, and draw the diviſional Line or 
Hedge B D, as before. 


PRO r. VL 


Let ABC be a Triangular Field, which is to be divided 
bel caeen two Perſyns A, B, and both to enter at one 
Gate, D, at or near the Middle of the Hedge B C; 
now ſuppoſe the Content of the Field = 2800000 

ſquare Links, of which let A have Booooo, and B 
the Remainder 2000000, FIG. 43. 16 
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By the Sector. 


Draw DA from the Gate D to the oppoſite Corner 
A, alſo draw EF 1) o AD to cut AB in F; then 


draw DF for the divifional Line or Fence; fo is the 


A DBF = 800000 the Share of A, and the Trape- 
zium D FAC = 2000000 the Share of B. 


ARITHMETICALL x. 


The Area of the Triangle ABC being found = 
2800000, and the Area of the Triangle D B F= 
800000 ſquare Links, and the Length of 4 B = 2400 
Links, BD = 1000, and BC = 2360; then will 
B E be _ RAGISLS of BC; bur Netter i is = 3 in its 
leaſt Terms, and therefore BE 8 = FJ of BC, = of 
2360 = 6743; then to find the Point F to which 
the Line of Diviſion is ro be drawn, the Proportion is 


(by Prop. XII. Book. 11. enge 


2360: BA = 2400 :: BE= 6743: BF = 16183; 
then make B F = i 6188, and draw "the diviſional Line 
DF, as before. 


Pxo re. VII. 


To divide a Field in Form of a AAB C, between tee 
Perſons A, B, by 4 Line parallel to one of its Sides 
AB; A to have aa and B the 2 — 
1517500 ſquare Links. FI G. 47. 


By che Sector 


As the diviſional Line is to be parallel to AB it is 
plain it muſt cut the other two Sides 4 C, B C. Then 


(by Prop. V.) divide C in Proportion as 2137500: 


620000, 


, 
' 
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620009, which will give the Point D. With + 40 
for a Radius deſcribe the Semicircle 4 EC, and from 
D erect the Perpendicular DE, to cut the Semicircle 
in E. Take CE in your Compaſſes, and ſer from C 
to F, alſo from F draw FG . AB, which will cut 
BC in E; ſo will the AC FG be = 620000 = the 
Share of A, and the Trapezium ABGF = 1517500 
ſquare Links the Share of B. 


ARITHMETICALL Y. 


Divide AC (= 2850) in Proportion as 2137500: 
620000, which will give CD = 8265; then find a 
mean Proportion between 2850 (= AC) and 8263 
(= CD) which will be 153492 (= CE); then make 
CFS 153492, and draw FG as before. 
| Now to ſet this off in the Field, meaſure with your 
Chain from C towards A and B, and at the End of 
1534'92 Liaks place a Mark F, as alſo at 1340. ſet 
another Mark G, then run a ſtraight Line between 
the two Marks, cutting an Hole in the Ground at the 
End of each Chain, c. which will be a Guide for 
making the Fence. 


P xo r. VIII. | 

Suppoſe a Field in Form of the & ABC, whoſe Area is 
= 19*35000 Acres; from one Side (= BC) off 
which, 75 200 Acres are to be ſet off in a Tra- 
pezium, the diviſional Line being to be draton parallel 
to the Side Þ C. Fis. 44- 


By the Seftor. | 


It is plain from the Figure, tar the Line of Dif 
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fion will 'cut the Sides 4B, AC. Then from the 
Area of the A A BC (= 19:35000) ſubtrat the 
Area of the Trapezium B C FG (= 7552000) the 
Remainder 1183000 is the Area of the A 4 GF. 
Then divide 4 C in proportion as 19 35000 : 
boy x ey or will give the Point D; then with 
: AC for a Radius, deſcribe the Semicircle A EC, 
und draw DE 1. to AC, to cut the Semicircle in E; 
make AF = ALE, and from F draw F G parallel to 
CB, to cut AB in G, compleating the Trapezium 
BCFG, whoſe Arca is = 752000 Acres as was 


ee 
An in 


W A ABC take the Area of 
the Trapezium BCFG, the Remainder 1s the Area of 
the & AFC = 11:83000, as above. Then divide 
AC (= 1800) in proportion as 1935000 1 118300, 
and you will have 110043 = Length of 4D; alſo 
find a mean Proportion between 1800 (= 40) and 
110043 (= AD) and you will have 1407, which ſet 
from A to F, and draw the Parallel FG. 


PA O u. IX, 


Let ABC be a triangalar Field to be divided among 
ve Perſons in ſuch Mamner, that every one fhall hace 
the Benefit of a Fountain D, in the Hedge AC; re- 
quired the Pofition of each Perſon's Share. F 10. 45. 


Draw BD from the Corner B to the Fountain D, 
and divide the Baſe AC into five equal Parts in 
G, * E, F; from each of thoſe Points, aud parallel 

ta 


3 E 
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to B D, draw GI, HX, EL, and F M, dividing 
the Sides of the A in J, K, L, M; then from D, to 
each of theſe Points draw the Lines DI, DK, D L, 
and DM, which will divide the given A 4 BC into 
five equal As ADI, IDK, X DI, L DM, and 
MDC, each of which is the diſtin Share of each 
Perſon. 


PRO r. X. 


Suppoſe a Field in Form of the Trapezium A B CE, con- 
taining 42 Acres; which it to be diuided between 
two Perſons A, B; A being to have 12 Acres, and B 
30, and both to enter at one Gate A; A's Part or 
Share being to lie next the Hedge AE. FIG. 46. 


Reduce the given Trapezium .4 BCE, by Prob. 21. 
Book 1. to the Triangle EA F. Divide the Baſe 
E F in proportion as 42 : 12 by Prop. 5. which will 
give the Point D; to which draw the Line 4D ; ſo 
is the A ADE = 12 Acres the Share of A, and the 
Trapezium .4BCD = zo, the Share of B. 


Pao? I. 


Suppoſe a Field in Form of a Trapezium ABCD, whoſe 
Content is = 5692500 Acres, which is to be divided 
between two Perſons A, B, by a Fence drawn from 
the Gate F where both Parties are to enter ; A being 

to have 33˙35 00 Acres laid off towards the Side 
AD. Fis. 50. 


Reduce ABCD to the A E FG (by Prob. 21. 
Book 1.) and divide the Baſe E G in proportion as 


5692500: 33'35000 (by Prop. 5.) and draw the divi- 
fional 
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fional Line FH; ſo ſhall the Trapeziam AD H F de 


= 33*35000 Acres the Share of A, and the Trapezium 


FBCH = 23'57500 Acres = the Share of B. 


P R oz XII. 


Let ABC DEF G be on irregular Parcel of Ground, 
whoſe Area is = 110142025 Acres, which is to be di- 
vided between two Perfons A, B; of which A is to have 
53.47025 Acres, and B the Renainuer 5695000; 
the Line of Diviſian to be drawn from the Corner A, 
and the 5 347025 Acres to be laid off next the Cor- 
ner B. FI G. 48. | R 


Firſt divide the Plot into Triangles or Trapeziums ; 
then beginning with the Trapezium 4 BCD, find the 
Area of it = 4180025 ; which being leſs than 
5347025 (= 4's Share) add thereto the Area of the 
next A ADE = 1932000, and the Sum 6112025 
being greater than 5 3*47025 by 765000, cut off from 
it (by Prop. 5.) the A AE H whoſe Area is = that 
Exceſs ; ſo is 4 H the true Line of Diviſion, making 
ABCDH = 5747025 Acres the Share of 4, and 
AHEFG = 5695000 Acres the Share of B. 


P x OP. XIII. 


Let ABCDE be a Field given, from which 1618500 
Acres are to be ſet off in ſuch Sort, that the Foun- 


tain O at or near the Middle thereof, may be in com- 
mon to both Parcels. F16. 49. 


The 1618500 Acres being to be ſet off towards 
the Side 4 B, draw a Line A © for one of the divi- 


3E 2 ſional 
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ſional Lines; then draw B ©, and calculate the Area 
of the & 405 (by Prob. 28. Book 2.) = 1002000 
Acres, which being leſs than 1& 18500, add thereto 
the Area of the next A B OC = 9g:42500, and the 
Sum 19:44500 being greater than 1618500 (= the 
Acres required to be ſet off) cut off the Exceſs 3260 
(by Prop. 5.) from the A BOC, and draw the divi- 
fional Line © F; ſo ſhall ABF © be = 1618500 
Acres, as was required. 


PRO. XIV. 


Lei DEFG be. a Paſture belonging 1 to three Perſons. A, 
B, and C,; which is to be divided among them ac- 
cording to the Number of Graſſes each Perſon hath : 
Now ſuppoſe the whole Number of Graſſes to be 18, 
of which A hath four, B ſix, and C eight ; and the 
Ground upen View appears to be all of equal Goodneſs 
or Oualit ; ; required the Poſition and Number of 
Acres of each Perſon's Share. F16. 51. 


In a Work of this Kind the Surveyor muſt, along 
with the Proprietors (or Perſons concerned in the Af- 
fair) walk over every Part of the Ground about to 
be ſuryeyed, in order to examine the Qualities there- 
of. And if the Ground in every Part thereof, be found to 
be of equal Goodneſs (as we will ſuppoſe it to be in - 
the preſent Caſe) then there is no more to be done, 
but to take 2 general Survey of the Whole, according 
to ſome of the Methods before given; a true Plan of 
which muſt be obtained, and the fame carefully and 
accurately divided, as ſhall be ſhewn more fully here- 
after. But if the Ground be found of different Qua- 

lities 
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lities (as it almoſt frequently is) then every Part muſt 
be ſtaked out, and the whole ſurveyed as ſo many dif- 
ferent Parcels or Incloſures, a true Plan of which muſt 
be drawn. Then let the Surveyor require the Pro- 
prietors or Commiſſioners, to value each of the different 
Parcels of Ground ſo ſtaked out as above, and that 
they do it very judiciouſly : As to the Rates or Values, 
it is no ways material. what Sums are made Uſe of, 
provided there be but a juſt Proportion, according to 
the Difference in the Qualities of the Ground; for it 
is all the ſame, whether the Rate be 5/. or 55. or gd. 
per Acre, ſo az there be but a juſt Equality in the Ra- 

The Values or Rates being obtained, calculate by 
the Rule of Proportion, the Amounts of the Values 
of the ſeveral Parcels of Ground, according to their 
reſpecti ve Rates, whoſe Sum ſhall be the Value of the | 
Ground which is to be divided. 1 

Then calculate each Perſon's Share af the id Value, 
which is readily done by the Rule of Proportion, ſay- | 
ing as the Total of the Grafles c. Tatal of the 
Valces :: each Perſon's Graſſes, Sc.: his Share af the 
Value or whole „ unt. Or thus, as the Total of 
the Graſſes, c.: Total of the Values :: 1 Graſs, 
Sc.: its Share or Part of the whole amount. The 
Value or Share of Money belonging to 1 Graſs being 
thus determined, if by it be multiplied each Perſon's 
Graſſes, the Product will be his Share of the Value or 
Amount, according to his Graſſes. * 
Each Perſons proportional Share in SEW being 
thus determined, the next Thing to be done is to give 
him Land equal in Value thereto; but before that 2 | 
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be done, it maſt be conſidered in what Sort of Ground 
fach Share will fall, which being known, the Number 
of Acres thereto belonging may be readily found, by 
ſaying as the Total Value of the Ground ſuch Share 
ſhall fall in : the Acres contain'd therein :: each Per- 
ſon's Share in Money: his Share in Land. Theſe ſe- 
veral Shares thus diſcovered, muſt be ſet off in the 
Plan, as ſhall be ſhewn more fully hereafter. 

But in the preſent Caſe, the Ground within the Plan 
is all of one Quality or Sort; therefore the Quantity 
is only to divide, without conſidering the Quality at all; 
and therefore ſuppoling upon a Survey, the Content 
of the whole Paſture = 3705 65 Acres; then by the 
| Rule of Three ſay, as 18 (= the Graffes) : 3705650 
(= Acres in the whole) : 4 (= As Grafles) : 
$23478 As Share of Acres); in like manner B's 
Share is found 12135216 Acres, and C' = 1646956 
Acres, then 823478 + 1235216 + 16:46956 = 
37.5650, a Proof of the Calculation. 

Then ſet off each Perſon's Share in the Plan thus. 
Draw a Line at Pleafure through the Plan, as the 
Line HI, which muſt be ſo drawn, as that the Area 
of the Space cut off by it, may be as nearly equal as 
poſſible to the propoſed Quantity, that is, as near itas you 
can imagine ; then compute the Area of the Part D E 
HI= 680258 Acres, which being lefs then 823478 
(= Fs Share) by 143220, divide the faid 
by 1540 (= Leogrh of H7), and the Quotient is 93 ; 
then drawn AT || to HI, at 93 Links Diſtance from it, 
which will be the diviſional Line in the Plan, ſuſſici- 
ently near the Truth: But to be more exact, find the 
Area of the Space HIL X 142755; ana 
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ſomewhat leſs than 1:43220, divide the Difference 465 
by the Length of LK = 1530, and the Quote o- 
Links added to 93 (= the firſt Breadth), the Sum 93˙ 3 
Links is the correfted Breadth; therefore if a Line 
XL be drawn parrallel to H 7, = 93'3 Links diſtance 
from it, it will be the true diviſional Line in the Plan. 

Then for B's Share, draw PM XL at any ſup- 
poſed Diſtance, and compute the Area of the Part X L 
P M 1033616 Acres, which being leſs than 
12*35216 by 2*01600, draw another Line RO N PM, 
and find the Area of the Part P MOR = 739200, 
which being greater than 201600 by 1:37 600, divide 
the Exceſs 137600 by 1600, (= RO) and the Quoti- 
ent is 86; therefore draw © N 1| R Oat the Diſtance 
of 86, which is the Line of Divifion in the Plan. 
Then compute the Area of the remaining Part VFC. 
left for C, and if it amount to 16:46956 Acres, the 
Work of Diviſion is truly performed, but if it amount 
to either more or leſs than 1 6:46956, there is a Mil- 
take commitred in the Work, which muſt be corrected 
before you can have a true Plan, 

The Plan being divided, the next Work is, to ſet 
off the ſeveral Shares on the Ground ; in doing of which 
there is not the leaſt Difficulty, for taking your Plan 
into the Field or Paſture, meaſure the Diſtance in the 
Plan berwen Oi and the Point 4 = 525 Links; then 
meaſure in the Field from Oi towards Oz, and at 
the Diſtance 525 place a Mark, through which the di- 
viſional Line is to be drawn from another Mark herc- 
after to be placed on rhe oppoſite Side of the Ground. 
Then meafure the Diftance in the Plan from Oz to 5 


= 200 Links, G being 6 
e 
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the diviſional Line ©,N and the traverſe Line 2, 3), 
and in like manner as before, meaſure from Oz in the 
Ground towards © 2, and at the End of 200 Links 
place a Mark in the Ground, by which the next aiviſi- 
onal Line is to be drawn. After the ſame Manner meaſure 
the other Diſtances 8c, 10 d, in the Plan, and fix Marks 
as before. Laſtly run ſtraight Lines acroſs t he Field 
between the Marks a, d. and ö, c, making Holes and 
driving in Plugs at the End of every 2, 3, Cc. Chains, 
ſo is the Work of Diviſion fairly compleated. 

If the Diſtances be ſuch, as that the Mark d cannot 
be ſeen trom the Mark a, or the Mark c from the Mark 
b, being prevented by the Interpoſition of ſome Hill, 
Cc; then take your Theodolite and fix it up (ſuppoſe 
at a) in the Ground, and ſet the Index on the Limb to 
the Degree, c. of the 1 @ d; then directing the fix- 
ed Sights to Oi, look through the moveable Sights and 
order an Aſſiſtant to place a Poll in ſuch Direction, that 
the vertical Hair ſhall cleave the fame; then if you can 
from that Poll fairly diſcern the Mark d, continue the 
ſame ſtraight Line thereto ; but if the ſame cannot as 
yer be ſeen, then have Recourſe to your Theodolite 
again, and proceed as before. 

If it be a Theodolite of the beſt Sort, fix the 1 
to 360 on the Limb, and take a Back- ſight to Oi; then 
fix the Index to the Degree, c. of the — 1 a d; and 
looking through the Teleſcope, direct your Aſiſtant to 
place a Poll as before. 

Note, When you make the general Survey obſerre 
to mark and Number every Station. 

Having been very full and copious in this up in 
demonſtrating the beſt Method of Dividing of Ground 

R . Qc- 
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to Quantity and Quality; I ſhall therefore 
for the future be as conciſe as may be, inſctting ouly the 
calculative Part of the Work. 


PA Or. XV. 


Li DEF d be à common Field, and the Property of three 
Perſons A, B, C; which is to be divided among them 
according to the yearly Value of their Eftates ; noto 
ſuppoſing A's Eſtate worth 251. a Tear, B's 251. a 
Tear, and C's 40l. & Near ; required the Number of 
Acres each Perſon hath, and the Pofition of theit 
Shares. Fi6. 52. 


The Content of the whole Field being = 3342490 
Acres, as found by a general Survey; and the Amount 
of the yearly Values of the Eſtates of 4, B, and C, 
being = 1004, 

Then 35pm © 2 = $8:35622 Acres = As Part. 


3347499 2.35 = 11'6987e Acres = B's Part. 

3342499 X 49 = 1336996 Acres = C's Part. 

Then by the laſt Prop. ſer off DE HT (in the Plan) 

= 9.35622 Acres = A's Share, and [HOP = 1169842 

Acres = B's Share; ſo will POFG be = 1346996 

= C's Share. 

The Plan being divided, ſet off each Perſon's Share 

in the Field, by Prop. 14. : 
| PAO. XVI. 

La DEFG be 4 common Paſture, which is to be 

divided according to Quantity and Quality, among three 

3 F Perſons 
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Perſons A, B, and C, according to the Number of 
Graſſes each Perſon hath ; let A's Graſſes be 45, B's 
34, and C's 21, and the Ground of two Sorts; re- 
quired the Pefition of each Perſon's Share. FIG. 53. 


LaGLXKF be 113 Acres, 2 r. 307926 p. = the 
Area of the better Sort of Ground, and DEKL = 
51 Acres, 1 r. 17'3624 p. = Area of the worſe Sort: 
then 113 Acres, 2r. 207926 p. + 51 Acres, 1r. 
173624 p. =165 Acres, or. 81550 p. = Area of the 
whole Paſture. Then 113 Acres, 2 r. 307926 p. at 
20 l. an Acre, is = 22738490721. = Value of the bet- 
ter Sort of Ground, and 51 Acres, 1 r. 17˙3 624 p. at 
15 J. an Acre, is = 770'3777281. = Value of the 
worſe Sort; then 2273'B49072 + 770'377728 = 
3044'22680 l. = Value of the whole Paſture. 


Then 45 + 34 + 21 = 100 = Number of Graſſes 


alſo 4. _— —. 1369" 902061, = A's Share of 
the whole Value, and 44 400 2 4 = 1035" 0371121. 


B's Share, and laſtly = ion If 2s =2 639'287628 /. 


= C's Share. Now A's Part falling entirely among the 


113.6924537 X 1369 
good Land, Sper ny = 68 Acres, 


Ir. 39˙2 165 p. = A's Part or Share = GNMF. 

Then 2273'845072 — 1369-90206= 9039479121. 
= remaining Part of the better Sort of Ground, which 
is leſs then 10350371121. (= Bs Share of the Value) 


by 131'0901001, therefore ZE = 8 Acres, 2 r. 


38. 2944 p. Which laid to the Part NL XM, will 
give 
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give $3 Acres, 3 r. 29'B705 p. NITHM = Share 
or Part of B. Then the remaining Part /D EH = 
42 Acres, 2r. 190680 p. = the Share of C. The 
e 


Ground, by Prop. 14. 


Pxo 7. 


XVII. 


Suppye ABC D & coninion Paſture, which is to be divid- 
ed among erſons according to the Qua and 
Ouality b . Ground. Let A have E 
gol. a Tear, B an Eftate worth 98“. 4 Year, C an 
Eſtate worth 371. a Tear, D an Epate worth 881. a 
Tear, and E an Effate "worth 97. a Tear ; each 
Perſon's Share to be in Proportion to the yearly Value 
F his Eſtate ; . required the Poſution of the. ſeveral 
Shares, with the Acres contained therein. FIG. 54. 


The Ground being ſtaked out by the Proprietors or 
Commiſſioners, is of three 1 75 viz, Good, Bad, and 
ludifferent ; let 'AEFG HD be= e 2 I. 
176128 p. of good Land, ao e hr 
17. 479968 pf bed Look jad LAG 221 82 
3 r. 33˙4846 p. of indifferent Land; hen 4ER HD 
+ EIKWH+1IBCZ K= A BCD = 229 Acr. 3 r. 
140736 p. Then 93 Acri 2 r. 17:61 28 p. at 2c0l. an 
Acre, is 1872. 201 ö0l. = Value of the good Land; 

79 Acr. 1 r. 29760 p. at 10/: an Acre, is 392 · 68 600. 
r 3 r. 33˙4848 p. at 
154. an Acre, is 854˙3 89200. = Value of the indifferent 
Land; whoſe Sum 3519 Ges. = Value of the whole 
Paſture. 


21 F „ Then 
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Then 80 + 98 + 37 + 88 + 97 ©4909; and there» 
fore e = 70385536 I. = A's Share of the 


Value; e = $6212228164 zz B*s Share of 
the Value; n 325533104 J. = C's 
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Share of the Value; — W 4 = 774˙240896 J. 


D's Share of the Value; 2485 2 285 3424624 | 
= E's Share of the Value; the Sum of theſe is 
3519*27680 J. the ſame as before. 
Then A's Part happening to be entirely among the 
good Land; 3 75 *=35 Acr. or. 3084288 p. ſet 
off by Prop. 14, will give . 4 MND = the Share of A. 
After A's Share cometh in B*s ; therefore draw 
OP parallel to M N, as near as you can imagipe where 
the diviſional Line will fall: and as the faid Line O P 
takes in two Sorts of Ground, viz. good Land and bad, 
find the Area of each Sort ſeparately, and you will 
find MEP N 42 Acres, zr. 32'822528 p. and 
EO V= o Acres, 1 r. 99 2p. the Amount of thefe 
at their reſpective Rates of 20%. and 0 l per. Aere is 
862*2228161. the proportioned Share of B: But if 
the faid Amount had been greater or Jeſs then 
86222281610, then a Part muſt be taken from, or ad- 
ded to the Part firſt taken, and then find the Area and 
Amount as before; and if the Amount ſtill differ from 
the proportioned Share required, add or deduct as be- 
fore, *till you make it correſpend therewith. 
Then, to hy off C's Share; draw Q, R, and find 
the Arca of VXARP=13 Acres, 3 r. 25027392 K. 
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and of OO, AVT = 4 Acres, 2 r. 28:47488 p. the Amount 
of theſe, according to the Rates of 20 l. and 10 J. an 
Acre, is 3255331041 = the praportioned Share of 
C; ſo ſhall O O, RP be = C's Share of Ground. 

For D's Share; draw $T, ſo fhall 28 TR con- 
ſiſt of three Sorts of Ground, vir. XGHR = 1 Ae. 2 r. 
892 p. SLZ H= 68 Acres, o r. 14558336 p. and 
LTZ = 4 Acres, o r. 23'637 244 p. the Amount of 
theſe according to the Rates of 20 J. 10 l. and 15 . 
per Acre, is = 774240896 /. = proportioned Share of 
D; ſo is OST R = D's Share or Part ſet off. 

The remaining Part $S BCT is left for C, which 

conſiſteth of 6 Acres, or. 201022784 p. of bad Land 
SIXT T.. and 52 Acres, 3 r. 9 847456 p. of indif- 
ferent Land (=SIBCTLK); the Amount of theſe 
according to the Rates of 10/. and 15 l. per Acre, 
is 85314246247, = E's proportioned Share of 
Money. 2 — {| - 
The ſeveral Shares of good Land; bad Land, and 
indifferent Land being ſumm'd up, are 93 Acres, 2 r. 
17.61 20 p. of good Land, 79 Acres, r. 2'97 60 p. of 
bad Land, and 56 Acres, 3 r. 334848 P. of indiffer- 
ent Land, which being equal to the Quantities firſt found, 
is an undoubted Proof of the Truth of the whole Per- 
formance. 
The Plan being divided as above; lay off each Per- 
ſon's Share thereby in the Ground, according to 
Prop. 14- 

Before the Concluſion of this Sect. I ſhall give the 


Reader two Forms of Awards, uſed in the Divifion of 


The 
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The Award of the Diviſion of the Common ur Traft of 
Wafte Ground, belonging t to the T ownſbip of , 
commonly called C——- Meor. 


To all to whom theſe preſents ſhall come; We 
'T I— of P. in the County of C— 
Yeoman, L- F—— of T—— in the county of 
W—— Yeoman, and I— G— of A-—- in the 
ſaid County of W—— Gentleman, ſend greeting; 
Whereas there is a large Tract of Common or Waſte 
Ground lying and being within the Manner of C— 
in the Pariſh of B-— and County of W—, com- 
monly called and known by the Name of C— Moor, 
whereof R M— of A— in the ſaid County of Weſt- 
morland Clerk, is Lord, and L— H-— , I 
H——, the younger, R—— W—, ÞJ—— — 
H— A — and Margaret his Wife, I—- A, 
I— W-— and Agneſs his Wife, I— H—— 
S—, I1-— D——, and I-— P——, are ſeverally 
poſſeſſed of Freehold or Cuſtomary Eſtates within ibe 
ſaid Manner of C—, in Reſpect thereof, they are 
reſpectively entitled to Right of Common upon the 
ſaid Trat of Common or Waſte Ground as appen- 
dant or appurtenant to their ſaid ſeveral Eſtates ; and 
apprehending it would be a general Benefit to each and 
every of them, if the ſaid Tract of Common, or Waſte - 
Ground was divided among them according to their ſe- 
veral Rights, Privileges, and Emoluments thereon, fo 
as each and every of them might have, hold, and enjoy 
their reſpecive Rights and Intereſts in it ſeverally, 
and might alſo hedge up and incloſe the ſame, Did by 

theif 
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their Article of Agreement bearing Date the 22d Day 
of February 1768, ſeverally agree with each other, 
that the ſaid Trat of Common or Waſte Ground 
ſhould be ſurveyed and divided among them, according 
to their reſpective Rights, Privileges, and Emoluments 
thereon; fo as each Perſon intereſted might enjoy 
his, her, or their reſpective Rights in it ſeverally, and 
might alſo incloſe and improve the ſame. And where- 
as they the faid R— M—, L— H—, I— H the 
younger, R— H—, I— S—, H—- A- and Mary his 
Wife, I— A— I— W—, and Agnes his Wife, I— 
H—, the elder, L— I, H— H—, R 
S— , 1 D-—, and I— P——, in order 
to carry the ſaid Diviſion into Execution, did by their 
faid Article of Agreement among other Things cove- 
nant and agree with each other, to give and grant, 
and did thereby give and grant full Power and Autho- 
rity to ſurvey, divide, ſet out, and apportion to each 
and every of them their reſpective Shares, Rights, 
Privileges, and Emoluments in and upon the ſaid Com - 
mon or Waſte Ground, unto the faid T—— I——, 
L—_— F——, and I-— Go—, or any two of us, 
Referees indifferently choſen to ſurvey and divide the 
ſame, and & ſettle other Matters and "Things touching 
the ſaid Diviſion and Incloſure, as by the faid Article 
(Reference being thereunto had) may more fully and 
at large appear. Now know ye, that we the faid 1 
I—, L— F— „and I—— G——, taking up- 
on us the Burden of the ſaid Survey and Diviſion, and 
the other Powers veſted in us by Virtue of the ſaid 
Article, and having fully conſidered rhe Quantity, Con- 
ycnicnce, and Contiguity of each and eyer) _ 

— e 
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the ſaid Common or Waſte Ground, and alſo heard the 
Alligations of all and every of the ſaid Propri 
and cauſed a true and perfect Plan of the ſaid Common 
or Waſte Ground to be made, which is hereunto an- 
nexed, and declared by us to be Part of this our 
Award,do mak e and publiſh this our Award in Manner 
and Form following, that is to ſay, We do ſet ont and 
apportion to each and every of them their reſpective 
Shares as followeth. Unto the faid R M 
as Lord of the Manner of C-—, and as ſuch Owner 
of the Soil of the faid Trat of Common or Waſte 
Ground, in Lieu and full Satisfaction of his Right of 
Common which he hath upon the ſaid Common or 
Tra of Waſte Ground in Reſpect of his Demeſue and 
- other Lands lying and being within the faid Manor of 
C (except ſuch particular Rights and Privileges 
as are herein-after reſerved unto him as Lord of the 
faid Manor All thoſe two Parts and Parcels of the faid 
Common or Waſte Ground, as the fame are out on 
the faid Common, and diſtinguiſhed in the faid Plan 
with the Letters 4, B, containing together Acres, 
Roods, and Perches, the one of which faid 
Parcels is bounded on the Eaſt by a Common or Tra& 
of Waſte Ground belonging to the Townſhip of B, 
on the South Weſt by the antient Ineloſures belonging 
to the Townſhip of C-—, and on the North Weſt 
by the Share of Part herein-after ſet out unto the 
faid F-— D-—, The other of which faid Parcels 
is bounded on the North Eaſt, by the fad Common 
belonging to the Townſhip of B——, and the afitient 
mcloſed Lands of the faid I. H, on the South Eaſt 
by che Shares herein- after ſet aut unto the ſaid L=— 
H—, 
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the ſaid AM. N Eaſt by the ſaid 
Common belonging to the Towafhip of B, on the 
Nonh Welt, by che Share hercin-after fer out unto the 
H—-—A-—, and on the South Weſt, by the 
ancient incloſed Leaks belonging 0 the Townlkip of 
C—— unto, r. | 

HA nd Mitgatet his Wife, idem. 

L—P— idem 


E 

I — 4 — , idem. 

And we the faid 11 —, F, and 
1 6 , do order, direct, and appvint that there be 
2 Road cleven Yards broad (excluſive of Ditehes) from 
the Gate called G Gate leading on to the ſaid 
Common, along the high End or South Eaſt End of the 
3 G antient 
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antient Incloſures belonging to the ſaid Townſhip of 
C , untill ir arrive at the Share herein before ſet 
out unto the ſaid L I , as the ſame is deſcribed 
in the ſaid Plan with the Letter A to the Letter B, for 
the Uſe and Benefit of the ſeveral Perſons, their Heirs 
and Aſſigns, who have Shares or antient incloſed Lands 
abutting or joining upon the ſame, and alſo for the Uſe 
of the ſaid L I -— his Heirs and Aſſigns to occupy 
the Share herein-before ſer our unto him. And alſo 
that there be a Road from the ſaid Gate called G 
Gate, through the Share of the ſad R — M 
untill it arrive at a Parcel of antient incloſed Land be- 
longing to the ſaid L H his Heirs, and Affigns 
to occupy the ſaid Parcel of Ground, as the fame is de- 
fcribed in the ſaid Plan from the Letter () ro the 
Letter (); and alſo that there be a common foot Road 
from the Road herein- before firſt ſer out, through the 
Share of the ſaid I D along the North Weſt 
Side thereof, until it arrive at the faid Common called 
B — Moor, as the ſame is deſcribed in the ſaid Plan 
from the Letter () to the Letter (): and alſo that 
there be a common High Road from the Turnpike 
Road twenty Yards broad (excluſive of Ditches) to the 
ſaid Common called B——Moor, between the Shares 
of the ſaid R M , and L ——H—>—, as the 
{ame is ſet out on the ſaid Common, and deſcribed in the 
ſaid Plan from the Letter () to the Letter (); and 
allo that there be a common High Road eleven Yards 
broad (excluſive of Ditches) from the ſaid Turnpike 


Road to the South Eaſt Corner of the Share herein-be- 


fore ſet out unto the ſaid I —— A — -, and from thence 


along the Eaſt or South Eaſt Side of the faid 1 
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A s Share, until it arrive at the North 'Eaſt Cornet 
thereof, and from thence along the North Weſt End of 
the ſaid Share, until it arrive near the North Weſt 
Corner of the {aid Share, and from thence along the old 
Road to the River E , as the ſame is ſet out on the 
ſaid Common, and deſcribed in the ſaid Plan from the 
Letter () to the Letter (), and fo to the Letter (). 
and fo to the Letter (), and fo to the Letter (); and 
alſo that there be a fufficient Road ſeven Yards broad, 
from the Road laſt ſer out, through that Part of the 
Share herein- before ſet out for the ſaid R M, 
adjoining O s Farm, until it arrive at the Inclo- 
ſares called E , and from thence along the Side of 
the ſaid Incloſures until each Perſon who has antient 
Fields lying there, can go into their ſeveral Incloſures, 
as the ſame is deſcribed in the ſaid Plan, from'the Let- 
ter () to the Letter (), and fo to the Letter (), 
and ſo to the Letter (), and ſo to the Letter (), 
for the occupying the ſaid Fields, but for no other 
Uſe, Intent or Purpoſe whatſoe ver- And alſo that 
there be an Occupation Road from the above Road, 
leading down the Eaſt or North Eaſt Side of the Share 
herein-before ſet out unto the ſaid L— A——, for 
the occupying ſuch ancient incloſed. Lands belonging 
to the Townſhip of , as lie adjoining upon the 
North Weſt Side of the ſaid L=— A ——*s Share, as 
the ſame is deſcribed in the ſaid Plan, from the Letter () 
to the Letter (); and alſo that there be an Occupation 
Road five Yards and a half broad, through a ſmall Parcel 
ot the faid Common herein-before ſet out unto the ſaĩd 
I —— H —— from S Houſe belonging to the ſaid 
L——H-——, along the North Eaſt End of an antient 
' Incloſure belonging to the ſaid I — H —— , to an 
3G 2 Inclo- 
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Incloſure belonging to the ſaid L—— H, for the 
Benefit of the ſaid L —— H —— his Heirs and Aſſigus 
tobe nfed on all Occaſions as an Occupation Road, but 
for no other Uſe or Purpoſe whatſoever ; as the ſame is 
deſcribed in the ſaid Plan, from the Letter () to the 
Letter (); and that all the Public Roads herein-before 
ſet out, be for ever hereafter maintained and repaired in 
ſuch Manner, and by fuch Ways and Means as the Law 
in that Caſe hath provided; and that all the Occupation 
Ways be for ever hereafter maintained and repaired by 
the ſeveral Perſons, their Heirs and Aſſigns, who have 
Lands herein - before ſet out unto them, in Proportion to 
their Properties in the ſaid Premiſes. And we the ſaid 
1 — I—,L-—F-—, acl -— G-—, 
do hereby order, direct and appoint that the faid 
R M-— his Heirs and Aſſigns do make, erect, 
and ſet up gend and ſufficient new Ditches, Hedges, 
or Fences upon the ſaid Common between his Share 
and B Moor, and between his Share and the 
Share of the ſaid 1 D-—, and alſo between his 
Share and the Share of the ſaid 1 $ ——, and alſo 
berween his Share and all Places where be adjoins up- 
on any High Road hercia before fer out, as the ſame 
is marked in the ſaid Plan with the Letter (), and 
plant the fame wich good Quick Thorn Plants, after 
the Proportion of five to each Yard (if he make the faid 
Fences of Earth) ; and that he, his Heirs or AſGgns, for 
ever hereafter maintain and repair the ſame : that Mr 
D—— make between his Share and B Moor, and 
H——A—— and Margaret his Wife make between 
fheir Share and B Moor, and P' Share : chat 

| | 2 
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]-——P—— make between his Share and the Share of 
W—-—S——,. and B-— Moor: That L—I- make 
between his Share on the North Weſt Side and Mr 
12 Share, and Brampton Moor: That Mr. H—— 
of Bondgate, make berween his Share and the Turn- 
pike Road, and between his Share and R-——H——'s 
Share, avd B Moor, and down the Syke between 
his Share and that of 1 1 — : That RH 
make between his Share and the Turnpike Road, and 
alſo between his Share and B Moor, and between 
his and I—— H——'s Share: That H 
make between his Share and the Turnpike Road, and 
B—— Moor, and Mr . Hs Share, and alfo 
between his Share and Mr L——H——'s Share, and 
the Turnpike Road where the ſmall Piece is ſet out ra 
on the Weſt Side of the Turnpike Road: 


That 
LI H-——make wherever he adjoins upon any Roads, 


his Share and the Share of the ſaid I—A—: 
L—Hw— Share, and wherever he adjoins upon 
any Road. An we the ſaid T I—L—F—, and I— 
Gt, do alſo order, direct and appoint that ſuch of the 
aboveſaid Hedges, Ditches, or Fences as are to be made 
of Earth and planted with good Quick - Thorn Plants of 
five to each Yatd, be erected and made on or before the 
iſt Day of April 1769, and be all ſet upon the Grounds. 
of the ſeyeral Perſons who are herein before ordered to 
cre the ſame, without any Allowance from his Neigh- 
þours for, or in Reſpect of any Hedge or Ditch thereto 
belonging. Aud that no Goods of any Kind be turned 
Jools into any of the aborclaid Lancs, but that the Graſs 

| grow- 
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growing therein be from Time to Time eaten in ſuch 
Manner, and.by ſuch Ways and Means, as a Majority 
in Value of the ſaid Proprietors, their Heirs or Aſſigns, 
ſhall order and direct. And whereas in the aboveſaid 
Article of Argument it is provided, that the aboveſaid - 
Diviſion, or any Thing therein contained, ſhall not 
extend, or be conſtrued to extend to defeat, leſſen or 
prejudice the Right, Title, or Intereſt of the ſaid R 
M, his Heirs or Aſſigus, as Lord of the Seigniories 
and Royalties incident and belonging to the ſame Manor, 
but that the ſaid R—— M , his Heirs and Aſſignees, 
ſhall and may-from Time to 'Time and at all Times for 
ever hereafter hold and enjoy all Rents, Services, Courts, 
Perquiſites; and Profits of Courts, Goods and Chattles of 
Felons and Fugitives, Dividends, Waifs, Eſtrays, and all 
other Royalties, Privileges, and Appurtenances, as Lord 
of the ſaid Manor, incident or appendant, belonging or 
appertaining, in as full and ample Manner as he the ſaid 
R M, his Heirs. and Aſſigus could or might 
have held the ſame in Caſe ſuch Agreement or the ſaid 
intended Diviſion had never been made. We the ſaid 
T— I—, I F-—, and I— G-—, do or- 
der, direct and appoint that nothing herein contained, or 
in the above Diviſion, ſhall be conſtrued, deemed, or 
taken to deprive the ſaid Lord of for the Time 
being, his Heirs or Aſſigns, or any of them, of any of 
the Rights, Privileges, Franchiſes, Royalties, or other 
Emoluments to him or them belonging, but that the ſaid 
Lord or Lords of the ſaid Manor enjoy all the above 
Manerial Rights in as Full, large, and ample Manner as if 
no Diviſion of the above Premiſes had ever taken Place 
(any Thing herein contained to the contrary” thereof 
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in any wiſe notwithſtanding), And we do alſo or- 
der, direct, and appoint, | that immediately after the 
ſigning of this our Award, all Right of Common 
upon the aboyeſaid Premiſes ſhall ceaſe, and all and 
every the aboveſaid Perſons, and their Heirs and Aſſigns, 
who have Shares herein-before ſet out untothem, 
ſhall enjoy the ſame in Lien and full Satisfaction 
and Compenſation of all Right of Common' heretofore 
uſed and enjoyed by them or any of them, -or by their 
mary af py Fry And that all and every of 
the aboveſaid: Perſons do ſeverally and reſpectively 
releaſe to each other all Rights and Privileges upon all 
and every Part of the faid Premiſes (except the Share 
or Part herein before ſeverally ſet out unto them, and 
that the faid R M—— do convey all and every 
the above Shares herein - before reſpectively ſer out unto 
the aboveſaid Perſons to hold ſeverally to them, their 
Heirs and Aſſigns for ever, in Fee Simple, reſerving to 
himſelf as Lord of the ſaid Manor, all the above Mane- 
rial Rights, in as fall and ample Manner as if no Divi- 
fion of the Premiſes had ever taken Place: * And where- 
as in the above ſaid Article it is agreed by and between 
the ſaid R M, Leſſee of the Tythesof O, 
under the Dean and Chapter of C , and the ſaid 
ſeveral Proprietors who have Shares herein-before ſer 
out unto them, that the aboveſaid Primifes ſhall be free 
and clear of and from the great Tithe of Corn, for 
and during the Term of fix Years from the figning of 
this our Award; and that the faid Proprietors ſhould 
pay ſuch a Sum as is ſtipulated in the faid Article for 
the ſaid Tithe of the Townſhip of C for and du- 
ting the ſaid Term of fix Years: We do therefore in 


Par- 
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Purſuance of the ſaid Article, order, direct, and ap- 
point that the ſaid Premiſes, as alſo the Townſhip of 
C be freed, diſcharged, and exonerated of and 
from the ſaid Tithe for and during the Term afore- 
faid ; and that the faid Proprietors or Land-Owners do 
give Security to the faid R M (if required) 
for the Payment of ſuch Sum as is ſtipulated in the 
ſaid Article, in Lieu of. the Tiche, as well of; the an- 
tient incloſed Lands, as of the ſaid Common lately di. 
vided. And we do alſo order, direct, and appoint that 
no Sheep be put into any Part of the Premiſes herein- 
before ſer out and divided, for and during the. Term of 
nine Years from the Date of theſe Preſents. And laſtly, 
we do aſcertain the Coſts of ſurveying, dividing, fow- 
ting out and apportioning the above Premiſes to cach 
and every of the Proprietors, and of every other Mat- 
ter and Thing relating to the ſame, at che Sum of 
and do order 
within the Space of from. the 
Date hereof, to collect the fame from the above Pro- 
prietors, in Proportion to their reſpective Rights and 
Properties in the above Premiſes, and they to pay the 
ſame when due and owing; In Witneſs whereof &. Ge. 


The 
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The Award of the Diviſion of the n Paſture called 
2 W—, fituate in the Pariſh of D—and 
— n—_ ' 


To all W 
H—— of C—;jin the Pariſh of K——, and County 
of , Clerk, mi To cf P—— is the 
Fatih of P. and County aforeſaid; Gentlemen, ſend 
greeting. Whereas W— W——, Eſq 1-— F—, 
E— E—, R— B—, 1 E--- 80 of 
T—, T— Ry . 
| — —— W—— — and W. N the 
younger, being jointly ſeized and poſſeſſed of a large Tract 
or Parcel of Ground or ſtinted Paſture called D 
— lying and being in the Pariſh of B., and- 
Coumy of W——, and having en the ſame by 
ſtinting, according to the reſpecttve of Cartle- 
gaits they ſeverally poſſeſs there; and apprehending 
it would be a generst Benefit or Advantage to all the 
Perfons intereſted, if the faid Parcel of Ground or 
ſtinted Paſture called D W——, was divided 
among them according to their reſpective Rights, 
Priviteges and Emoluments therein, ſo as each Perſon 
might have, hold, and enjoy their reſpective Rights, 
and Intereſts therein ſeverally, and might alfo hedge up 
and inclofe the fame; did by their Articles of Agree- 
ment, bearing Date the thirciech Day of November, in 
the Year of our Lord ont Thouſand” feven Hundred 
atid ſity- three, ſeverally agree with each other, rhe 
the ſaid Paſture called D — W. fhouid with alf 
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convenient ſpeed be ſurveyed, and divided among them 
according to their reſpective Rights, Privileges, and 
Emoluments therein, ſo as each Perſon intereſted might 
enjoy his, her, or their reſpective Rights and Privileges 
therein ſeverally, and might alſo incloſe and improve 
the ſame. And whereas they the ſaid W . 
&c. in order to carry the ſaid Diviſion into Execution, 
did by their ſaid Articles of Agreement, among other 
Things covenant and agree with each other, to give 
and grant, and did thereby give and grant full Power 
and Authority to ſurvey, divide, ſet out, and apportion 
to each and every of them, their reſpective Shares, 
Rights, Privileges and Emoluments in and upon the ſaid 
Paſture, unto us the ſaid A— H——, and T 
12, Referees indifferently choſen to ſurvey and 
divide the ſame, (due regard by us being had to the 
Quantity and Quality of the ſame) and other Matters 
and Things touching the Diviſion of the ſaid Paſture, as 
by the ſaid Articles (Reference being thereunto had) 
may more fully and at large appear. Now know ye 
that we the ſaid A— H and T—— 1 
taking upon us the Burden of the ſaid Survey and 
Diviſion, and the other Powers veſted in us by Virtue of 
the ſaid Articles, and having fully conſidered the Quan- 
tity, Quality, Convenience and Contiguity of each and 
every Part of the ſaid Parcel of Ground or ſtinted 
Paſture, and alſo heard the Alligations of all and every 


of the faid Proprietors, and cauſed a true and perfect 
Plan of the faid Paſture to be made, which is hereunto 
annex2d, and declared by us to be Part of this our 
Award, Do make and publiſh this our Award in 
Manner and Form following, that is to ſay, We do ſet 
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out and apportion to each and every of them their 
reſpective Shares as followeth. Unto the ſaid W— - 
W, Eſq; as Owner of 504 Cattlegaits in and upon 
the ſaid ſtinted Paſture in Lieu and full Satisfaction 
thereof, and of all his Right, Title, Intereſt and Privi- 
lege thereon (except a divided Share of a Moſs in the 
ſaid Paſture, and all Rents, Royalties, Franchiſes, Rights, 
Privileges, and Juriſdictions heretofore or now due, or 

payable to the faid W—— W——;, as Lord of the 
Manor of D-— aforeſaid, out of, Py or from the ſaid 
Paſture called D W, as the ſame is ſet out on 
the ſaid Paſture, and marked in the ſame Plan with the 
Letter A, containing Acres, &c. and bounded 
oa the N. E. and S. E. by the ancient incloſed Grounds 
of the faid W W, Eſq; on the S. . by the 
Common and incloſed Grounds belonging to the 


Townſhip of B-—, and on the N. N. by tne Road 
herein-after ſer out: Unto the ſaid L-— K, the 


elder, as Owner of two Cattlegaits in and upon the ſaid 
Aimed Paſture, in Lieu and full Satisfaction thereof, and 
of all his Right, Tide, Intereſt and Privilege thereof 
(except as is herein- after ſet forth) all that Part or 
Parcel thereof as the ſame is ſet out on the ſaid Paſture, 
and marked in the ſaid Plan with the Letter B, contain- 
—_— Acres Roods aud Perches, and 
bounded on the N. E. by the ancient incloſed Lands of 
the faid W—— W—— Eſq; ou the S. E. by the above- 


ſaid Road, on the S. N. by the Share or Part herein-afrer 


ſer ont to the ſaid I-— E——, on the N. W. by a 
Part of the faid Paſture herein- after ſet cut ſor a 
Free-ſtone Quarry : Unto the ſaid I- — E , the 
Son of W-—, as Owner of two Cattlegaits in and 
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upon the ſaid ſtinted Paſture, in Lien and full Satisfaction 
thereof, and of all his Right, Title, Intereſt and 
Privilege therein (except as is hereafter ſet forth) all 
that Part or Parcel thereof, as the ſame is ſet out on the 
faid Paſture, and marked in the faid Plan wich the Letter 
C, containing Acres, and bounded on the N. E. by 
the Share or Part been deem for one unto the ſaid 
8. W. by the 8 part An ſet out unto the 
ſaid F H——, on the N. V. by a Fart of the 
faid Paſture herein after ſet out for a Free · ſtone 
Quarry : Unto the ſaid F H-—, as Owner of 
two Cattlegaits in and upon the ſaid ſtinted Paſture, in 
Lieu and full Satisfaction thereof, and of all his Right, 
Title, Intereſt, and Privilege thereon (except as is 
herein-after ſet forth) all that Part or Parcel thereof, as 
the ſame is ſet out on the ſaid Paſture, and marked in the 
ſaid Plan with the Letter D, containing Acres, 
and bounded on the S. E by the aboveſaid Road, an the 
N. E. by the Share or Part herein-before ſet out unto 
the ſaid I — E tbe elder, and E.— Son of 
W-—, on the N. W. by the Riyulet called M 
Beck, or a tinted Paſture calleſt M Park; on the 
S. N. by the Share or Part herein- after ſet out to the 
ſaid E—-— E—— : Unto the faid E-— E——, as 
Owner of four Cattlegaits in and upon the ſaid ſtinted 
Paſture in Lieu aud full Satisfaction thereof, and af all 
his Right, Title, Intereſt, and Privilege thereon (except 
what is herein-after ſet forth) all that Part or Parcel 
thereof as the ſame is ſet out in the ſaid Paſture, am 
marked on the ſaid Plan with the Letter E, containing 

Acres, &c. and bounded on the S. N. _ 9 
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Share or Parthercin-after ſet out unto the laid W 
D on the N. W. by the aboveſaid M—— P—, 
or Rirulet called M— Beck; on the N. E. by the 
Share or Part herein-before ſet out unto the ſaid 
F — H—-; on the S. E. by the above Road; Unto 
the ſaid W—— D ——;, as Owner of three Cattlegairs 
in and upon the faid ſtinted Paſture, in Lieu and full 
Satisfaction thereof, and of all his Right, Title, Intereſt, 
and Privilege therein (except what is herein; after ſet 
forth) all chat Part or Parcel thereof, as the fame js fer 
out on the ſaid Paſture, and marked on the faid 
Plan with the Letter F, containing © Acres, 
and bounded on the S. E. by the. above faid Road; 
on the F. W. by the Share or Part herein- after fet 
out unto- the ſaid 1 on | the os W. by 
N. E. by the Share herein · before ſer out — the 
ſaid E-— E—— ; Unto che faid 1 — F—, as 
Owner. of ſix Cattlegaits in and upon the ſaid tinted 
Paſture, in Lieu and full Satisfaction thereof, and of 
all his Right, Title, Tatereſt, and Privilege thereon 
(except as is herein · after ſet out) all char Part or Par- 
cel thereof, as the ſame is ſer, out on the ſaid Paſture, 
aud marked on the faid Plan with the Letter G, con- 
raining Acres, Sc. and bounded on the N. E. by 
the Share or Part herein-before ſet out unto the faid 
W-——D——; on the N. W. by the faid M—— 
Beck and M—— Park and the ancient incloſed Lands 
of the faid W W., Eſq; and W—— E—; 
on the S. M. by the Share or Part herein-after fer 
out unto the ſaid R D—— ; on the E. by the 


Road ; the C. one Part by the 
dene fad d; on the Z. on 3 
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above-ſaid Road, and on another Part by Part of the 
Share herein - after ſet out unto the ſaid W R 
the younger and M—— A—— : Unto the aboveſaid 
R D— 2s owner of two Cattle-gaits in and up- 
on the ſaid ſtinted Paſture, in Lieu and full Satisfacton 
thereof, and of all his Right, Title, Intereſt, and Pri. 
vilege thereon (except what is herein-after ſet out) 
all that Part or Parcel thereof, as the ſame is ſet out 
on the ſaid Paſture, and marked on the ſaid Plan with 
the Letter H, containing Acres, &c. and bounded 
on the N. E. by the Share or Part hercin-before ſet 
out unto the Jaid 1 F; on the S. E. by Part 
of the Share herein- after ſet out unto the ſaid W— 
R— the younger, and M—— A——; on the S. 
M. by the Share or Part herein- after ſet out unto the 
ſaid W—— R——; on the M. V. by an ancient In- 
cloſure called M— : And whereas the ſaid 'T—— 
1 | SE, WL Owner of two Cattle- 
gaits upon the ſaid ſtinted Paſture, have ſince the ſign- 
ing of the aboveſaid Articles, agreed to let their Shares 
or Proportions lie together undivided, We do there- 
fore ſet out to them as Owners of four Cattle-gaits in 
and upon the fajd ſtinted Paſture, in Lieu and full Sa- 
tisfaction thereof, and of their Rights, Titles, Intereſts, 
and Privileges thereon (except what is herein- after ſet 
out) all that Part or Parcel thereof, as the ſame is ſet 
out on the ſaid Paſture, and marked on the ſaid Plan 
with the Letter IJ, containing Acres, &c. and bound- 
ed on the S. and S. V. by the Common and ancient 
incloſed Lands of B— aforeſaid ; on the N. 
by that Part of the ſaid Paſture formerly divided 
among the Proprietors of Cartle-gaits in the faid Paſture, 

and 


Se. I. DIVISION of GxounnD. 421 


and ſet apart and uſed as a Peat-moſs; on the E. by 
Part of the Share herein- after ſet out unto the ſaid 
W— R—— the younger, and M— A—, and 
the aboveſaid Road: And whereas ſince the ſigning of 
the aboveſaid Article, the faid W R as 
Owner of two Cattle-gaits, and the ſaid M—— A--— 
as Owner of three Cattle-gaits, have agreed to let their 
Shares lie together undivided ; we do therefore ſer out 
to them as owners of five Cattle-gaits in and upon the 
ſaid ſtinted Paſture, in Lieu and full Satisfaction thereof, 
and of all their Rights, Titles, Intereſts, and Privileges 
thereon (except what is herein - after ſet out) all that 
Part or Parcel thereof as the ſame is fer ont on the faid 
Paſture, and marked in the faid Plan with the Letter X, 
containing Acres, &c. and one Part of it bounded 
on the E, and S. E. by the aboveſaid Road, on the 
S. W. by the aboveſaid Moſs and Share herein be- 
fore ſet out unto the faid 'T—— Y— and R 
 B——; on the N. W. by the Share or Part herein- 
after ſet out unto the faid R; the other 
Part bounded on the E. and S. E. by the above-ſaid 


Road; on the NV. V. by the Shares herein-before ſet 


out . unto the faid J— F — and R — D——; 
and on the S. W. by the Share or Part here in- after 
ſct out unto the ſaid MW R, and adjoining up- 
on the firſt Part herein- before ſet out to the ſaid W 


R — and M — A — : Unto the ſaid W—-- 


R——, as Owner of five Cattle-gaits, in and upon the 
faid ſtinted Paſture, in Lieu and full Satisfuction there- 
of, and of his Right, Title. Intereſt, and Privilege 
thereon (except what is herein · after ſet out) all char 


Part or Parcel thereof, as the ſame is ſet out on the 
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ſaid Paſture, and marked in the ſaid: Plan with the 
Letter L, containing Acres, &c. and bounded on 
the E. and N. E. by the Share ot Part herein- before 
ſer out to the faid R D<-— and Part of the Share 
herein - before ſer out to the ſaid WM N the 
younger, and N — A; on the S. E. by the 
other Part of the Share herein · before ſer out to the 
ſaid W —— R — the younger, and M Ao; 
on the S. WW. and N. N. by the faid Mofs and faid 
Incloſure called M—— : And we the faid A 
H—— and T—— I— do order, direct, and ap- 
point that the Parcel of Ground marked in the ſaid 
Plan with the Letter M, and lying at the N. V. Ends 
of the Shares herein · before ſer out unto the faid 1 
E — the elder, and K Son of W—-, be 
ſer apart for the Sake of getting Stones upon, for the 
Uſe of the ſaid W— W—— and ſuch of the ſeveral 
ral Perſons herein-before mentioned to be Proprietors 
of the ſtinted Paſtare, to be uſed within the: Manor 
of D—, as ſhall obtain the Licence and Conſent of 
the faid W—— W—— bis Heirs: or Aſfigus to get 
Stones there; And alſo for the Uſe of ſuch other 
Perſons as ſhall obtain the Licence and Conſent of the 
Stones there (ſuch other Perfons' making a reaſonable 
Recompence and Satisfaction to the reſpective Owners 
of the Grounds through which they may paſs, for an 
Damage which may be done by bringing the Stones 
from the thereon ; and that there be 2 Read 
to the ſame, from the Road hereinafter fee” out, 
down by the N I. fide of the Share of Wo 
%% 
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till it come to the Corner of the faid F— H 
Share; where the Road to the ſaid Ground ſet apart 
for ſuch Quarries enters the ſaid Share of F— H, 
and then along the faid old Road heretofore uſed for 
the Sake of leading Stones from the ſaid Quarry Ground, 
but to be uſed on noother Account whatſoever than for 
leading Stones from the ſaid Ground. But 
that the ſaid [I—— E—— the elder, and E—— 
Son of W, their Heirs and Aſſigns, ſolely enjoy 
the Herbage of the faid Ground fo ſer apart for Quar- 
ry-ground. And we the faid A—— H—— and 'T--— 
I—— do alſo order, direct, and appoint that every 
Perſon enjoy their reſpective Shares of rhe ſaid Peat- 
moſs next adjoining to the Liberties of B——, in the 
County of Weſtmorland aforeſaid, as the ſame has here- 
tofore been divided among them, and they had for- 
merly enjoyed the ſame: And alſo that there. be an 
High-way 6 Yards broad, from the Gate called B-— 
Gate, marked in the faid Plan with the Letter N, along 
the S. E. Side of the Share herein-before ſet out to the 
faid W—— W——, Eſq; to S—— or Place marked 
in the ſaid Plan with the Letter ©; and alſo that 
there be an Highway 64 Yards wide (excluſive of 
Ditches) from a Place called W—— Gate, or Place. 
marked in the ſaid Plan with the Letter P, along the 
N. V. Side of the ſaid Share herein - before ſet out to 
the faid W—— W——, Eſq; on the Outſide of the 
ſaid Share, until it reach a Place called B Steps, 
or Place marked in the faid Plan with the Letter ©, 
and there lead out upon the ſaid Common of B—— : 
And that there be an Occupation Way from the Place 
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with the Letter P, along the Leaſes Foot, through 
the Share or Part herein · before ſet out to the ſaid 
W—— W——, Eſq; to B-— Gate, or Place marked 
in the ſaid Plan with the Leiter N, for the Uſe of the 
above Proprietors that have any Shares of the above- 
faid Paſture, and occupy the ſame from the Town of 
D——, but for no other Uſe, Intent, or Purpoſe what- 
ſoever ; and alſo that there be an Occupation Way 
through the Shares herein-before ſet out unto the ſa id 
W—— R—— and M—— A—— and W—— R——, 
from the aboveſaid Highway leading from W 
Gate to B M, from the Place marked in the 
{aid Plan with the Letter R, to the aboveſaid Peat- 
moſs, and ſo along the aboveſaid Peat-moſs Head, and 
through the Share of the faid W—— R—— in a con- 
venient Direction, until it arrive at the Gate into 
M aboveſaid, for the Sake of leading Peats, and 
occupying the aboveſaid Peat-moſs, and alſo for occu- 
pying the aboveſaid Field or Incloſure called M—— ; 
and an Occupation Way for the aboveſaid W— R 
on all Occaſions, to his Share of the ſaid: Paſture, but 
for no other Uſe or Purpoſe whatſoever: And alſo 
that there be an Occupation Way through the Share 
or Part herein-before ſet out unto the ſaid [—— F——, 
to the Share or Part herein before ſet out to the faid 
R—— D——; as the ſame is deſcribed in the ſaid 
Plan, from the Places therein marked with the Let- 
ter & to the Letter 7, from the ſaid Highway lead- 
ing from the faid W Gate to B— M — at 
B Steps, for the Uſe of the faid R—— D——, 
but for no other Uſe, Intent, or Purpoſe whatſoever : 
W A—— H— and r 
0 
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alſo order, direct, and appoint, that the faid W 
W , Eſq; his Heirs or Aſſigns, do make, ere&, and 
ſer up 2504 and fufficient Hedges or Fences upon the 
faid Paſture, from the above faid W—— Gate to 
B-— Steps, along the N. W. Side of the Share 
herein-before ſet out to him, between his faid Share 
and the aboveſaid Road leading from the ſaid W 
Gate to B-— Steps, as the ſame is marked in the 
ſaid Plan with the Letters a @ a, and for ever hereafter 
maintain and repair the ſame : And that the ſaid 1 
E —, his Heirs and Aſſigns, make, ere&, and ſet up 
good and ſufficient Hedges or Fences upon the faid 
Paſture, between his Share and the Share of the ſaid 
I— E—, and alſo along the ſaid Road Side lead: 
ing down to B— Steps, as far as his Share 
as the ſame is marked in the ſaid Plan with the Let: 
ters BBB, and for ever hercafter maintain and repair 
the ſame : And that the ſaid 1 E—— his Heirs 
or Aſſigns, make, erect, and ſet up good and fufficient 
Hedges or Fences upon the ſaid Paſture, on the S. N. 
Side of his Share, berween his Share and the Share of 
the ſaid F H., and againft the faid Road as 
far as his Share adjoins upon the ſame, as the ſame 
Hedges are marked in the faid Plan with the Letters 
CCC, and for ever here after maintain and repair the 
the fame : And that the ſaid F — H, his Heirs 
or Aſſigns make, erect, _*E nd ſufficient 
Hedges or Fences upon the faid Paſture, between kis 
Share and rhe Share of the ſaĩd . and 
alſo againſt the faid Road as far as his Share goes; 
as the faid Hedges are marked in the Taid Plan with 
the Letters D DD, and for erer maintain and repair 
PE. the 
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the ſame: and that the ſaid E— E-— , his Heirs 
or Aſſigus, make, ere, and ſet up good and ſuſſicient 
Hedges or Fences upon the ſaid Paſture, berween his 
Share and the Share of the faid W— D——, and 
alſo againſt the ſaid Road as far as his Share ad- 
Joins thereon, as the ſame are marked in the ſaid Plan 
with the Letters EE E, and for ever hereafter repair 
and maintain the ſame : And that the faid W 
D-——, his Heirs or Aſſigus, make, ere, and ſet up 
good and ſufficient Fences or Hedges upon the ſaid 
Paſture, between his Share and the Share of the ſaid 
I— F-—, and alſo againſt the ſaid Road as far as 
his Share adjoins thereon, as the ſame are marked on 
the ſaid Plan with the Letters F F E, and for ever 
hereafter repair and maintain the ſame : And that the 
ſaid I F—, his Heirs or Aſſigns, make, erect, 
and ſet up good and ſufficient Hedges or Fences upon 
the ſaid Paſture, between his Share and the Share of 
the faid R— D-—, and betweenn his Share and 
the Share of the ſaid W R the younger, and 
M-— A——, and alſo againſt the ſaid Road as far 
as his Share adjoins thereon, as the ſame are marked 
in the ſaid Plan with the Letters G G G, and for ever 
hereafter repair and maintain the ſame : And that the 
ſaid R D—, his Heirs or Aſſigns, make, erect, 
and ſet up cod and fellicient Hedges or Fences upon 
the ſaid Paſture, between his Share and the Share of 
the ſaid W R the younger, and M—— 
At, and alſo between his Share and the Share of 
the Said W— R——, as the ſame are marked on 
the ſaid Plan with the Letters H H H, and for exer 
hereafter maintain and repair the ſame: And that the 
| ſaid 
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ſaid T-— Y—— and R—— B—— make, erect, and 
ſet up good and ſufficient Hedges or Fences upon the 
ſaid Paſture, between the ſaid Shares and the above- 
ſaid Moſs, and between their ſaid Shares and the Share 
of the aboveſaid W—— R—— and M——A——; 
and alſo between their Share and the aboyeſaid Road 
as far as their Shares adjoin thereon, as the ſame are 
marked in the ſaid Plan with the Letters J 7 7, and 
for ever hereafter maintain and repair the ſame: And 
that the ſaid W—— R—— the younger, and M—— 
A——, their Heirs and Aſſigns, make, ere, and ſer 
up good and ſufficient Hedges or Fences upon the 
ſaid Paſture, between their Shares and the aboveſaid 
Peat-moſs, as the ſame are marked on the ſaid Plan 
with the Letters K X K, and for ever hereafter main- 
tain and repair the ſame : And that the ſaid w. 
R, his Heirs or Aſſigns, make, ere, and ſet up 
good and ſufficient Hedges or Fences upon the ſaid 
Paſture, in all Places between his Share and the Shares 
of the faid W R-—— the younger, and M 
A, and alſo between his Share and the 2boveſaid 
Peat-moſs,as the ſame are marked in the ſaid Plan with 
the Letters L L IL, and for ever hereafter maintain and 
repair the ſame: And we do alſo order, direct, and 
appoint that all the aboveſaid Hedges or Fences be ſer 
upon the Grounds of the Perſons who are herein- before 
ordered to erect the ſame, without any Allowance from 
his Neighbours for or in Reſpect of the ſaid Hedges 
or Fences or Ditches thereto belonging, and that all 
the n be made and compleated. 
on or before the next enſuing: And 
alſo that all and every of the aboreleid Owners or Pro- 

prietors 
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prietors of the ſaid ſtinted Paſtures do for ever here- 
after make and repair ſuch Parts of the ancient Out- 
fences belonging to the ſaid Paſture, as ſhall lie op- 
polite to their reſpective Shares thereof (except the 
Our-fence at the Foot of the Leaſes which we do 
alſo order io be repaired for ever hereafter by the 
faid I—— E—— the elder, and I-— E Son of 
W., their Heirs and. Aſſigns) as far as his Share 
adjoins thereon ; and the faid W—— W as far as 
his Share adjoins thereon, each of them the ſaid 1 
E — the elder, and E-— Son of W, 
W W-— their reſpective Heirs or Aſſigns keving 
allowed by the ſeveral Perſons who formerly had Dots 
or Shares of Fence adjoinitig upon their reſpective 
Shares of Common, or their reſpective Heirs or Aſſigns, 
the Sum of One Shilling per Rood, to be paid unto 
them within one Month next after the figning of this 
our Award; and alſo that the Gate called B-— 
Gate, and the Gate called 8 Gate be hung, and 
for ever hereafter maintained by the faid W——W——, 
Eſq; and that the Gate called W—— Gate be hung, 
and for ever hereafter maintained by the Perſons living 
in D——, and enjoying any Part of the aboveſaid | 


tinted Paſture, in Proportion to their reſpective Rights 
in the ſaid Paſture; and that the Gate at the Foot of 


the Road herein-before ſet out at B——— Steps be 
hung and for ever hereafter maintained by the ſaid 
T 1, R-— B-—, RX — the 
younger, * — 4 — and W — k, their 
Heirs and Afhens, in Proportien to their reſpeftive 
e. And we do 
c be for ever 

here- 
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hereafter repaired by the Perſons, their Heirs or 
Aſſigns, that have herein - before Lands ſer out to them 
in the ſaid Paſture, in Proportion to their reſpective 
Rights and Intereſts therein, and that no Goods be 
turned looſe into the aboveſaid High- roads, but that 
the Graſs growing in the ſaid Roads be eaten by each 
Perſon at the Ends of their reſpective Fields by Tether- 
ing or Herding. And we do alſo order that all the 
Gates acroſs any of the Occupation Ways herein-before 
ſet out be hung, and for ever hereafter maintained by 
the reſpective perſons, their Heirs or Aſſigus, that are 
hercig-before ordered to make and repair the reſpective 
Hedges or Fences through which the ſaid Roads ſhall 
paſs, (except the Gate leading out of the Share of the 
faid I——F——, into the Share of the ſaid R 
D—=, as the ſame is marked in the ſaid Plan with the 
Letter (), which we do order to be hung and for ever 
hereafter repaired by the faid R D—, his 
Heirs or Aſſigns. And whereas in the aboveſaid 
Articles of Agreement it is provided and declared, 
that nothing therein contained ſhall extend, or be con- 
ſtrued to deprive the Lord of the Manor of D 
aforeſaid for the Time being, his Heirs or Aſſigns, or 
any of them, of all or any of the Rights, Privileges, 
Franchiſes, Royalties, or other Emoluments to which he 
or they might be hereby intitled in or from the faid 
Tra& of Ground called D W , or from the 
Owners or Proprietors thereof, or from any of them, in 
Caſe theſe Preſents had not been made in anywiſe 
how ever, any thing therein contained to the contrary 
thereof in anywiſe notwithſtanding. And we the faid 
A— H—— and T-— I-— do therefore order, 

direct 


— * 


- E: pag. y 4 n 


&c. 
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direct, and appoint that nothing herein, or in the 
abo veſaid Diviſion ſhall be conſtrued, deemed, or taken 
to deprive the ſaid Lord of D-— for the Time being, 
his Heirs or Aſſigns or any of them, of any of the 
Rights, Privileges, Franchiſes, Royalties, or other 
Emoluments to hi u or them belonging, (any thing here- 
in contained to the contrary thereof in anywiſe not- 
wichſtanding). And laſtly, we do aſcertain the Coſts of 
ſurveying, dividing, ſetting out, and apportioning to 
each and every of the above Proprietors, and-of every 


other Matter and Thing relating to the fame, at the 


Sum of and do order within 
the Space of from the Date hereof, to col- 
lect the ſame from the above Proprietors, in Propor- 
tion to their reſpective Number of Cattle-gaits upon 
the ſaid Paſture, or in Cafe of Refuſal by any Perſon, 
ro take proper Methods for Recovery thereof, or for 
enforcing the ſaid Article, and to pay the ſame when 
due and owing, with all convenient Speed; In Witnefs 
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The Tuzoxy and PRACTICE of LEv ELLING, 


1 
; 


** IE * 1 . +4 4 3 1 1 * — * a 4 


— 


O demonſtrate the Theory upon which the 
Practice of Levelling is founded; let DA E 
be an Arch of the Earth, and F its Center: from F 
draw the right Line F A, and through A draw 
B C FA, which is a Tangent; alſo from the Center 
F draw FB, FC, tointerſe& the tangential Line in 
Band C. Then been a true or real Level is every 
where equally diſtant from the Ear th's Center, there- 
fore it muſt either be an Arch D A E thereof, or 
ſome other Arch parallel thereto. B C being . to A F, 
is the apparent Level at 4; and thereſore if a Glaſs 
Tube be filled with Water, Spirits of Wine, or other 
Liquid, all but a ſmall Space left for a Particle of Air, 
and placed at A in the Direction of the Line B C, the 
Liquid will equally poſleſs every Part thereof, and the 
Bubble of Air will reſt ia the Middle of the Tube ; bur 
if the Tube be elevated or depreſſed above or below 
the ſaid Direction, the Liquid (as being the heavier 
Fluid) will all deſcend into the lower Part of the Tube, 
and the Bubble of Air will be ſorced thereby into the 
higher. FI G. 56. 

The Point B being farther removed from the 
Earth's Center than the Point .4, it is plain, that if a 
Particle of Water, Sc. be laid at B, it will (by the 
Power of Gravity) ſlide along the inclining Plane B A; 
and when arrived at. A, will become quieſcent, — 


s 


— 


—— ——— —üä—h TS 
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Suppoſe the Arch A E = one Mile, then is B E 
7:409 Inches = the Difference between the Radius 
F A and the Secant F B, which is readily known by the 
Logarithmic Canon. But the Deſcent of 7; Inches in 
a Mile is too little for the conveying of Water ; and 
therefore to give the Water a proper Velocity, it has 
been found by Experience, that 12 or 15 Inches per 
Mile, below the a»parent Level 4 B, is only ſufficient. 

If B is a Spring or Fountain Head, then B G is the 
apparent Level or Poſition of the Horizon; and there- 
fore directing the Teleſcope to A, you find the < 
G B A, which is ever equal tothe <BF A; or if 
the Arch A E be one Mile, the E FA is found 
by Calculation = o o 527 ; and therefore in the 
rizht-angled plain Triangle B A F, there are given all 
the Angles, and a Side or Leg FA ( = Earth's 
Semidiamete-'; by which the Hypothenuſe FB may 
be found 5 then FB— FE=BE= 7409 Inches as 
before. And therefore whenever the Diſtance is one 
Mile, you muſt deduct 7409 Inches from the Height 
given by the Teleſcope, which will reduce it to a true 
Level; but inſtead of 7409 Inches, you may in common 
Practice uſe eight Inches and therefore at the Diſtance 
of each Mile meaſured upon the Earth's Surface, you 
may deduct eight Inches from the horizontal Level, and 
the Remainder will be the true Level. 

It has been proved to a Demonſtration, that there is 
a Neceſſity for making an Allowance for the Earth's 
Curviture; and as Diſtances are moſt frequently mea- 
ſured by a four Pole Chain at 5; yards to the Pole, I 
have therefore calculated the following Table, which 
ſhew*- by Inſpection the Allowance in Inches for every 
Chaia from one to 100, As 
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As to the practical Method of Levelling, the follow- 
ing Exaniple will render it plain and eaſy, provided you 
be furniſhed with a good Spirit-level, or a Theodolite 
of the beſt Conſtruction, and two Staves ; the Staves 
ought to be each ten Feet long, and divided (firſt) into 
ten equal Parts, and numbered 1, 2, 3, &c. to 1o, being 
the Feet; each of theſe muſt be again divided into 
twelve equal Diviſions, and numbered 1, 2, 3, &c. to 12, 
by which the whole Staff is divffled into 120 equal 
Diviſions, which are Inches; each of theſe are again to 
be ſubdivided into ten equal Parts, being the Teuths of 
an Inch ; fo that by theſe Diviſions each Staff will be 
divided into 1440 equal Parts. Each Staff muſt like- 
wiſe have a Vane to ſlide up and down, the better to 
diſtinguiſh the Diviſions in Time of Practice. 


EAM IL x. 


Let X be a Fountain, from whence Water is to be 
conveyed to a Ciſtern Z; required the Deſcent, or how 
much Z is lower than X. Fis. 55. 

Set one Staff at L, and another at D, and order an 
Aſſiſtant to ſtand at each; then erect your 'Theodolite or 
Level at A (about the middle Way between the two 
Levelling-Staffs), and adjuſt it there z then direct the 
Teleſcope to the Staff B X, and order your Aſſiſtant by 
a Signal, to flide the Vane up or down, till the horizontal 
Hair in the Teleſcope cut the Middle thereof, and 
then let him mark the Place à upon the Staff, ſois L a= 
the Height of the Level at T; which write in a Book 
or Paper. Then direct the Teleſcope forward to the 
Staff B D, and cauſe your Aſſi'taat to flide the Vane up 

3K 2 or 
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or down, till the horizontal Hair cut the Middle of the 
| Vane as before, fo is D c= the Height of the Level 
there, which write in your Book or Paper as before; 
then meaſure the Diſtance from the Inſtrument 4 to 
each Staff, which write in proper Form in your Field 
Book or Paper ; the Back Dimenſions muſt be inſerted 
in the Columns titled Back-Sights, and the Fore-Obſer- 
yations in the Columns titled Fore-Sights. Then take 
up the Staff B A, and remove it to E, and ſet up your 
Inſtrument at A *; then turn back the Teleſeope to the 
Staff B D, and find the Altitude De; alſo direct the 
Teleſcope to the Staff B E, and take the Altitude E d; 
meaſure the Diſtances 4 D, A E. Then the Inſtru- 
ment being removed to A4, Af, and A,, find the 
Altitudes, and meaſure the Diſtances as before. The 
ſeveral Altitudes given by the Inſtrument, as alſo the 
corrected Altitudes, with the ſeveral Diſtances meaſured 
by the Chain are as * in the following Field- 
Book. 


Note. The Field-Book is divided into two large 
Columns, each of which is ſubdivided into three more ; 
the firſt Column on the left Hand containeth the Diſ- 
tances in Links, and js titled on the Top Diſt. Link. 
the ſecond contains the apparent Altitudes in Inches, 
and is titled on the Top Altit. Inch. the third con- 
tains the corrected Altitudes, and is titled on the Top- 
Correct. Inch. The two large Columns are the one 
titled on the Top Back. Obiervat. in which are inſert- 
ed the Back-Obſervations, and the other F ore-Obſer 
vat. and contains all the Fore-Obſeryations, 
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The FIELD BOOK.- 


— — 


Back OBsERVAT>. | | Fonk OBnstxvart.| | 
| Dif. | Alrit. Correct. | Diſt. | Altit. edt. | 
| | = 0 
Link. Inch. | Inch. Link. Inch. | Inch. . . 
ma Hank A On R | lf 
800 | 36'0 | 3592, 550 | 820 | 8196 |- 
650 | 49's | 49'45 660 9˙8 | gi*'74 | | 
472 28:2 28-17 760 50'0 4993 l J 
645 76˙8 76˙75 | 502 | 13844 | 138-37 | 
490 | 55*75 | $5772 | 460 |61'0' | 6097 | 
3957 | 246'0t ] | 2932 | 42297 | | 
2932 . | I 24601} | 
ESE 1 | 3.4 —= | 
2 - pl 6 end __ ; 


F — 


Now add the Numbers in the Back-Sight Column 
(marked Correct. Inch.) into one Sum, 3nd the Nu 
bers in the Fore-Sight Column (marked Correct. Inch.) 


into another Sum, and ſubtracting the leſs from the 


greater, the Remainder will be the Aſcent or Deſcent: 
So in this Example the Sum of the Back-Obſervations 
is 24601 Inches, or 20 Feet 6'01 Inch. and the Sum 
of the Fore-Obſervations 42297 Inch. or 35 Feet 
2 97 Inch. their Difference 14 Feet 8.96 Inch. is the 
Deſcent, which is ſo much as Z is lower than X. Alſo 
the Sum of the Back-Diſtances added to the Sum of 
the Fore-Diſtances, will give 5989 Links or 59 Ch. 

89 Links = the Diſtance between X and Z; fo that 
the Deſcent in 59-89 Ch. is 14 Feet 89 Inch. 


— 


TABLE 
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TABLE f CURVITURE. 


J 


e | 32 | 137 [56 5/31 
o'5o 33] 135 [70 612 
o'ss | 34} 144 
o*'6o | 35 I'53 80 800 
o'67 | 36 | 1*62 * 2 


— — 


11 O1 24 | 072 237] 17 ] 10*12 
12 0'1 25 | o78 | 38] 180 T6 11*28 
13 ,0'28 26 0.84 | 39 | 191 | 12*50 


N. B. The Numbers of this Table are calculated 
upon the well known Principle, That the Subtenſes 


EB and DCof the tangential Angle, are as the 
Squares of their reſpeftive Arches 4 E, A D, that is 


EB: DC:: A E*: 4. 


ME 


The Methedof finding the Variation of the Compaſs. 


—— A}: 


— rrnrn 


—— — 


$the Variation of che Mariner's Compaſs is of the 


utmoſt Importance in the Art of Navigation, it 
is 


[ 
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is alſo highly requiſite to be known in the Practice of 
Surveying. For how is it poſſible that the true or real 
Situation of a Gentleman's Eſtate, &c. ſhould be known, 
fo long as the Variation of the Magnetic Needle re- 
1 and the true Meridian of the Place not 
The ſeveral Bearings given by the Needle are not 
to be accounted as true Bearings; and therefore after 
a Plan is projected thereby, it is requiſite that a true 
Meridian Line be drawn therein; which Meridian muſt 
interſect the Magnetic Meridian (or Meridian the Plan 
is laid down by), making an Angle therewith of ſo many 
Degrees, &c. as the Variation is found to be. 
1 ſhall now ſhew two Methods of finding the Varia- 
tion of the Needle, viz. inſtrumentally and trigonometri- 
cally. 


ExAaM?L E I. 


Let it be required to draw a true Meridian to the 
Plan 4G K P. (Fits. 26.) 


Firf,, lnſtrumentally by the beſt Theodolite. 


Ser up your Theodolite in any Part of the Ground 
the Plan is drawn for, and find the Sun's apparent Al- 
titude (= 49 00/) about 9 or 10 o'Clock in the Fore- 
| and alſo its etic Azimuth (= 142* 20/) at 
14 . the Index 2 2 $8907 
titude, or otherwiſe write the Degrees, &c. thereof, 
upon a Piece of Paper, and keep by you till the Af- 
ternoon. Let the Inſtrument remain in the fame 
Place, and in the ſame Poſition till the Afternoon; 
and if the Index belonging the Teleſcope bath 


— — . , F 3 
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not been ſhifted, (if it hath, fix it to the ſame Elevation 

as before), watch 'till through the Eye Glaſs of the 
Teleſcope you obſerve the Interſection of the croſs 
Hairs io cut the Sun's Center, and the Index will 
give on the Limb the Sun's Magnetic Azimuth 
(= 253* 500% The two Azimuths being thus found, 
the Variation of the Needle may be readily known by 
the following: 


R u 1. n. 6 | 


Add the Half-Difference of the two Azimuths to the 
"Jeſs Azimuth, that Sum (if leſs than 1 80 ſubtract 
from 180*, and the Remainder is the Variation Eaſt ; 
but if the ſaid Sum exceed 1807, deduct 180* there- 
from, the Remainder is the Variation Weſt, 


And therefore Iz 2 + 142 300 = 


2 
198* 10/; then 1987 10 —180* = 18 Lo the Varia- 
tion Weſt, 

Secondly, Trgonometrically by Means of the Sun's 

true and Magnetic Azimuth. 

This is a Branch of Surveying that requires a perfect 
Knowledge in the Doctrine of ſpherical Triangles, and 
alſo a little Acquaintance with a few of the firſt Problems 

in Aſtronomy. Burt as few Surveyors can boaſt of theſe 
Qualifications, I ſhall therefore for the Benefit of ſuch, 
inſert the Analogies and Calculations at full of a few 
Examples, in a very plain and ſimple Manner, which I 
intend as a Specimen of the Form hereafter to be fol- 
lowed. But for thoſe converſant in the Doctrine of the 
Sphere and ſpherical Triangles, - let chem conſult 
Prob. IIA, XX, B. VI. a * 
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As the Sun's true Akitude is of the utmoſt 
in this Particular, I ſhall therefore ſhew the Method of 
finding the ſame at any Hour of the Day, when the 
Sun's Body can be ſeen. 


To find the &un's true Altitude. 


Take the Altitude of the Sun's lower or upper 
Limb by a Quadrant or good Theodolite ; to or from 
this apparent Altitude (according as you obſerve the 
Sun's lower or upper Limb) add or ſubſtract 16* (the 
Sun's apparent Semidiameter), the Sum or Difference is 
the apparent Altitude of the Sun's Center: Then out 
of the Table of Refraftion take the Quantity of the 
Sun's Refraftion according to his Altitude, which ſub- 
trated from the apparent central Akitude, will give the 
true Altitude. | 


EXT ANUTTL = II. 


Suppoſe the apparent Altitude of the Sun's lower 
Limb 46% 12 16 ; required his true Altitude. 
46* 12/ 16. the app. Altitude. 
16 © = Sun's Semidiam. add. 
46 28 16 app. Alt. Sun's Center 
o 46 = Refract. ſubtr. 
46 27 30 = Sun's true Altitude. 


Exam? T ER III. 


5 Alkcirade of the Sun's upper 
Limb = 44* 14 307; — 
3 54 
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54* 14/ 30'= app. Altit. Sun's upper Limb 
16 oo = Sun's app. Semid. ſubtr. 
53 58 30 S app. Altit. Sun's Center. 
o 36 = RefraQtion ſubſtract 
53 57 54 = Sun's true Altitude. 
The Method of finding the Sun's true Alti- 
tude being thus ſhewn, the Variation of the Needle 
is eaſily diſcovered by the following. 


Rv L E. 


Firſt find the Sun's magnetic Azimuth, and for the 
ſame Time calculate his true Azimuth, by Prob. 19, 
20 B. VI. the Difference of theſe two Azimurhs is 
the Variation. 

Note. To find the Sun's true Azimuth, there muſt 
be giveu the Latitude of the Place, the Sun's Declina- 
tion, and Altitude; or the Latitude of the Place, the 
Sun's Altitude, and Hour of the Day. An Exam- 
ple of each follows. 


Ex AMT LE VIV. 


Suppoſe in the Latitude of 54 25 North, the 
Sun's true Altitude by Obſervation is 49*, and his De- 
clination North 23* 29/ ; required his true Azimuth 
at the Time of this Obſervation. | 


, [ i 
Complement of the Latitude 1 


Complement of the Sun's Declination 66 31 
| | 0 
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Complement of the Sun's Altitude — — 41* oof 
Sum of the 3 Sides — — 143 06 


Half Sum — — — — 71 33 
Compl. Latit. ſubtract — — 35 35 


Difference — — — — 35 58 


Half Sum — — — — 71337 
Compl. Altit. ſubtrat— — 41 0 


Difference — —— _= 3-33 
Then proceed thus; 
Compl. of Lat. S. 35 30“ Co. Ar. 01235162 


Compl. Sun's Altit. S. 41 oo Co. Ar. o 183057 
Diff. Co. Lat. and 3 Sum S. 25 58 — 9768871 
Diff. Co. Altit. and 3 Sum S. 30 33 — 9706112 


Sum of the Logarithms — — 19˙893202 
Half is the Sine of 62 10 — — 9946601 
which doubled is 124* 20/ = the Sun's true Azimuth 


from the North, whoſe ſupple. 55 4% is the Azimuth 
from the South. 


ExAaM?eLE V. 


Suppoſe the Latitude and Altitude the ſame as be- 
fore, and the Time of Obſervation 9 Hours, 35 min. 
11 ſec. 52 thirds in the Forenoon; required the Sun's 
true Azimuth. 

Radius — — p9oꝰ oo oof = 100000000 
Tan. Hour from Noon 36 12 02 = 9'864532 
3 L 2 ä Sin. 
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Sin. of the Latirade — 54 25 0 990235 
Cota, — — =— 59 14 00 = 9774767 


Then, 
Tan. Latitude — 54 25 — Cotan. 9854603 
Col. —— — — 59 14 — — 97708882 


Tan. Sun's Altit. — 49 oo — 10'060837 


GGͤ;ͤͤͤͤ ˙—— 8 
Then 59* 14 + 65 0& = 124 20/ = the Sun's 
true Azimuth, the ſame as before, 


Or, 

The Sun's Azimuth may be found, by having his 
Altitude, Declination, and Hour of the Day given. 
And therefore ſuppoſing Things as before, the Ana- 
logy 1s, 


Cof. Sun's Altitude 49* oo/ oof Co. Ar. 183057 
S. Hour from Noon 36 12 oz — — 9771355 
Cof. Sun's Declinat. 23 29 0 — — 9962453 


S. Sun's Azim. from South 557 17 9916865 


Whoſe Supplement 124 20/ is the Azimuth from 
the North, and the ſame as before. 


Then reckoning both Azimuths from the North, 
obſerve the following | 


4 3 Þ 2» 


In the Forenoon, the true or ee ae 
being greateſt, the Variation is. accordingly Eaſt or 
IO in the Afternoon Welt or Eaſt. 


The 
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True Azimuth 124* 20/ N. Eaſterly. 
The Sun's Aagene Ain. 142 30 N. Eaſterly. 
Subtracted gives the Variation 18 10 Weſt. 
Having thus ſhewn how to find the Variation of the 
Needle inſtrumentally and trigonometrically, by Means 
of an Azimuth; I ſhall next ſhew how the ſame may 
be found by Means of an Amplitude. 


ExA MIL E VL 


Suppoſe the Latitude and Declination the ſame as 
2 required the Variation of the Ne 


9116 find the Sun's maguetic Amplitude at his Ri- 
ſing or Setting, and at the ſame Time calculate his 
true Amplitude ; then if the true Amplitudes agree, 
there is no Variation, but if they differ (as moſt fre- 
quently they do), their Difference is the Variation. Then 
reckoning both the Amplitudes from the North (like 
as the Azimuths), obſerve the following 


Ru x. 

At Sun Riſing, the true or magnetic Ampli- 
tude being greateſt, the Variation is accordingly Eaſt 
or Weſt; at Sun Setting Weſt or Eaſt. 

Then to find the Sun's s magnetic Amplitude by the 
deft Theodolite, proceed thus. 

Adjuſt the Inſtrument for taking an Obſervation, 
then looking at the Sun juſt as he riſes, through the 
Eye-Glaſs of the Teleſcope, obſerve that the horizon- 
tal Hair therein do cut the Sun's Center, then will 
the Index give on the Limb 64 57 = the Sun's mag- 
| netic 
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netic Ampletude from the North, whoſe Complement 
4313“ is the Amplitude from the Eaſt Northerly ; 
but if the magnetic Amplitude from the North be 
above 90 and leſs than 180, ſubtract 90 from it, 
the Remainder is the Amplitude Eaſt Southerly ; alſo 
if the magnetic Azimuth from the North exceed 180 
and be leſs than 270, ſubtract it from 270, and the 
Remainder will be the Amplitude Weſt Southerly ; but 
if the Amplitude from the North be greater than 
270, and leſs than 360, ſubtract 270 from it, and the 
Remainder is the Amplitude Weſt Northerly. The 
magnetic Amplitude being thus found, the true Am- 
plitude is readily diſcovered by Prob. 7, B. VI. The 
Anology follows. 


ANALOG x. 


As Col. Latitude — — 54 25 — — 9764838 
To Radius, — — 90 0 — — 10'000000 
So S. Sun's Declen. — — 23 29 — — 9600409 


To S. Sun's Amplit.— — 43 13 9835571 
Whoſe Complement 46* 47/ is the Sun's s true A 
plitude from the North. 


Magnetic Amplitude. 64 57 MN. Eaſt 
The Sun's ) True Amplitude. 46 47 N. Eaſt 


Their Diff. is the Variation. 18 10 Weſt. 
The Variation of the Needle being thus found by 
any of the fore-mentioned Methods, you may readily 


draw a true Meridian to the Plan; by drawing a Line ps 
to make an Angle of 18* 100 with the Meridian the 
Plan was laid down by; obſerving to have the North 
| End 
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End of the true Meridian, to the Right (or Eaſt) of the 
magnetic Meridian, . becauſe the Variation is Weſt ; but 
if the Variation had been Eaſt, the North End of the 
true Meridian muſt have been to the Left (or Weſt) of 
2 


err 
The Method of Waſting or Colouring Maps or Plans, 


je FINES "TEL 


S to the Preparation of Colours, there is little Oc- 

caſion to give any Directions 'thereupon ; as any 
Colours (eſpecially ſuch as are uſed by Surveyors) may 
be had from any Colour-Shop. But as Allum and 
Gum Water (eſpecially the latter) are conſtantly uſed in 
Colouring, I ſhall therefore only give Directions for 
forming theſe, and fo proceed to ſhew the Method of 
Waſhing, or laying on Colours. 

I. To make Allum- Water. 

To a Gallon of Water add one Pound of Allum bear 
to Powder; mix theſe well together, and boil the 
Mixure a conſiderable Time, till the Allum be quite 
diſſolved, take it off the Fire, and when cold, bottle 
it up for Uſe. 

Mote, If with this you wet your Paper before you lay 
on the Colours, and then let it be perfectly dry, it will 
not only keep them from ſinking into it, but will 
alſo add a Luſtre and ſhining Beauty when laid on. 

II. To mate Gum-Water. 

Beat the cleareſt and beſt Gum Arabic into ſmall 
Pieces, which bind up in a fine linen Rag; bang this 
in 
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in clear Spring- Water till the Gum be all diffolved ; 
then put your Finger into the Water, and if you feel 
it too ſtiff or glutinous, add more Water, if other - 
wiſe add more Gum, till it be of a ſufficient Stiffneſs. 
Note, With this Water you mix and temper moſt 
of your Colours that are not of a gummy Nature. 
III. The Method of Waſbing, or Laying on Colours. 
Having the Plan of a Gentleman's Eſtate, &c. to 
waſh, firſt begin with one of the Fields, and dipping 
your Pencil in the Colour you deſign to uſe, draw 
it along on the Infide of the Lines, making 
coloured Part of an equal Breadth; you 
it either broader or narrower, according 
of the Field ; then dip a clean Pencil 
and draw it along on the of 
Part, waſhing down the Edge that 
fade or die away down to the Paper, 
ſtrong next the Lines. It is 
veyors to waſh each Field with o 
This is left to the Diſcretion of 
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THE 


T H E 
NEW ART 
SURVEYING, 

By the Plain Table. 


CONTAINING, 


A New Method of Surveying and Planning by that In- 
ſtrument; by which the Angles (or rather Bearings) 
are taken and protracted at one and the ſame Inſtant 
in the Field, and thereby the Trouble and In- 
convenience of ſhifting the Papers entirely removed ; 
ſo that the Bearings (though never ſo many) may be 
all protracted upon one Sheet of Paper in a manner 
different from any as yet practiſed by that Inſtrument, 


_ — * * — 


By THOHAS BREAKS. 


— — — — — — — — 


THE 


NEW AR T 


O F 


SURVEYIN G, 
By the Plain Table, 


LL the Methods of Surveying by the Plain Table 
hitherto practiſed or treated of by Authors on 
that Subject, are not only flow and tedious, but like- 
wie liable to many and great Errors; fo that this In- 
ſtrument (once ſo famous) is in a Manner totally re- 
jected by the Ingenious. But the Method here to be 
advanced is ſuch, that by a Plain Table only of very 
ſimple and ordinary Conſtruction, actual Surveys may 
be made wich that Accuracy, Correftneſs, and Expe- 
dition, as with a Theodolite of the beſt and moſt mo- 
dern Invention. 


— 


SECT. I. 
Surveying and platting of Fields by the Plain T able. 


PA o r. I. 


To take the Plat of a Field ABC DEF from one 
Station therein. FIG. 57. 

Chuſe any Station from whence you can ſee every 
Corner of the Field, and place a Mark at each, which 
number with the Figures 1, 2, 3, &. At this Station 

3 M2 erect 
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ereft your Plain Table covered with Paper, and I it 
hath a Box and Needle, bring the South Point of the 
Needle to the Flower - de· luce (or 360) in the Box; 
then draw a Circle OP, R upon the Paper, 
as large as it will well contgin, through whaſe 
Center O draw the Line N S parallel to that Side of the 
Table which is parallel to the Meridian Line in the Box; 
this will be the Meridian of the Plan. On the Center 
© move the fiducial Edge of the Index till you obſerve 
through the Sights the ſeveral Marks A, B, C, &c. in 
the Corners of the Field, and the Edge thereof will 
cut the Circle in the Points 1, 2, 3, &c. Then having 
taken and likewiſe protracted the ſeveral Bearings, the 
Diſtances are next to be meaſured, but the Method of 
doing that, as alſa the Form of the Field-Book have 
been ſufficiently ſhewu in the fore Part of this Work, 
where the Uſes of the Theodolite and Plain Table have 
been particularly demanſtrated. 


To draw the Plan. 


Through the Center O and each of the Marks 1, 2, 3, 
&c. draw the Lines O4, OB, Oc, OD, OE, OF, 
and make each equal to its reſpective Diſtance in the 
Field; join the Points A, B, C, &c. and the Plan is 
fiaiſhed, 


Prox. IL 


To take the Plat of a Field AB CD, Cc. from 
ſeveral Stations. Fs. 58. 


Having choſen the neceſſary Stations in the Field, 
and drawa the Circle O R (which you muſt ever 
obſerve 
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obſerve ta do in every Caſe), ſet up your Inſtrument 
at the firſt Station, and bring the Needle to the Meri- 
dian (which is called adjuſting the Inſtrument); move 
the Index on the Center O, and take an Obſervation at 
ﬀA, B, C, ©2, H, and the fiducial Edge thereof will 
interſect the Circle in 1, 2, 3, &c. Then remove your 
Inſtrument to the ſecond Station in the Field, and ap- 
plying the Edge of the Index to the Center © and the 
Mark O2 in the Circle, take a Back Sight to the firſt 
Station, and faſten the Table in this Poſition ; then 
move the Index on the Center ©, and direct the Sights 
to the remaining angular Marks, fo will the fiducial 
Edge thereof cut the Circle in the Points 4, 5, 6, &c. 
The ſeyeral Diſtances being meaſured with a Chain, the 
Wark in the Field is finiſhed. 

Note, In the laſt Prop. I omitted the Field-Book, 
referring to Specimens formerly given; but conſidering 
that a Field-Book is of the utmoſt Advantage to Tyros, 
J ſhall therefore, in order to exerciſe the young Sur- 
veyor in this new, accurate, and expeditious Method of 
Surveying, inſert the Field Book belonging to every 


particular Survey. The Field-Books belonging ta 
Proe. I, II, are as below. 


The FIELD- BOOK t 83 L 


No. Ds T. 
— | 
| Links. 
| 1 700 

2 595 

3 650 

4 8oo 
15 764 
16 700 


The 
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The FIELD-BOOK % Prop, IL 


o Dis r. No Dis r. 
rol © 2 
x [520 |3 | 
12 | 344 [4 | 370 
3 | 360 [ | 470 
Oz 730 6 | 550 
8 | 386 |7 | 550 
8 [—— 


To draw the Plan. 


Having choſen ©1 upon Paper to repreſent the firſt 
Station in the Field, lay the Edge of a Parallel Ruler 
to © and the Mark 1, and extend the other Edge till 
it touch (or lay upon) Oi, and cloſe by its Edge draw 
a Line 11=520. 'Then lay the Ruler as before to Q 
and the Mark 2, and extending the other Edge to Ot, 
draw thereby the Line 1 2 =344, which gives the Cor- 
ner B, as the Line 11 does the Corner A. After the 
ſame Manner project ©2, together with the Corners 
CH. Again, apply the Edge of the Ruler to O and 
the Point 4, and extend the other Edge till it touch 
Q2, and draw the Line 2 4= 370, which will give the 
Point or Corner D. Thus project the remaining Cor- 
ners E, F, G, and the Plan is ready for cloſing. 


Per. 
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PR O r. III. 


To take the Plat of ſeveral Fields AB C D, BEI, 


DIHK, and IF GH, from Stations choſen at as. 
near the Middle of each. FIG. 59. 
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Adjuſt your Plain Table at the firſt Station in 4 B 
J D, and draw the protracting Circle and Meridian 
NS; then by Prop. I. project the Angles or Corners 
of ABID, B EF I, and alſo the 2d Station, into 
the Pin 1, 2, O, 3, 4, 5, 6. Again, ere@ your In- 
ſtrument at the 1ſt Station, and lay the Index on the 
Center O and the Mark ©2, and direct the Sights (by 
turning the Table) to the ad Station, then move the In- 
dex till you obſerve the 3d Station, and the Edge there- 
of will cut the Circle ia O3. Then remove the Inſtru- 
ment to the 23d Station, lay the Index on the Center © 
and the Mark ©3, and take a Back Obſervation to the 
firſt Station ; after which by the laſt Prop. find the 
Points 7, 8, O4, 9 in the Circle OP Q, R. As to the 
meaſuring of Diſtances both in this and the two ſucceed- 
ing Prop. that ſhall be paſſed over in Silence, having ſuf- 
ficently diſplayed the ſame heretofore ; what I intend to 
treat of hereafter, is the Method of taking and protract- 
ing the Bearings in the Field, with the Manner of de- 
ducing a Plan therefrom. 


To draw the Plan. 


Chuſe any Point (O1) for your firſt Station ; apply 
the Edge of a Parallel Ruler to the Center © and the 
Point 1, and having extended the other Edge to Ot, 

draw 
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draw the Line 11= 970, which will give the Corner A: 


In like Manner find the other Corners B, I, D, together 
with ©2 ; which being joined, finiſhes the Field 4 B 


JD. After the ſame Method conſtruct the other 
Fields BE FI, DIHK, IFGH, and you have 


done. 


De FIELD BOOK. 


REMARKS. 


The open 
Sir Will. Jones's 


John Simpſon's 


BEFI cloſes at 
Retura to 


South 
John Spencer's 
DIH XK cloſes at 


Edward Johnſtone's | 
South 


IFGH cloſes at | 


AKE. 
In 431 
Field. , 
BEFT. 


DIHKR. 
Ground. 


— 


Im BEFL. 


Ground. 
IFGH 


In ABID. 


In DIHX. 
IFGH. 


Field. 
Ground. 


In TFG H. 
Ground. 
Field. 


Proxy. 
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PRO. IV. 


To take the Plot of a Field ABC DE x, aide aint 
| the ſame. (FIG. 60.) 


- Set up your Plain Table at the firſt Statien in the 

Field; move the fiducial Edge of the Index on the 
Center ©, and take an Obſervation at the Mark placed 
at the 2d Station, then will the ſame fiducial Edge 
cut the Circle OP R in the Point 1. Then re- 
move your Inſtrument to the ad Station, and plac- 
ing the Edge of the Index on O and the Point 1, 
take a Back-Sight to the 1ſt (or laſt) Station; then 
directing the Index on the Center O to the zd 
(or next ) Station, the Edge thereof will croſs the 
Circle in the Point 2: In like Manner the Inſtru- 
ment being planted at every Station, a Back-Sight 
taken to the laſt preceeding One, and the Index 
directed forward to the next "gy" Station, will 
give the protracted Points 3, 4, 5, 6. 


The FIELD- BOOK. 


| REMARKS. | 0. OL. 2 N 
Or In 45 C DEF. 
O0 
. 50 250 
5 |] 550 
iſ O2 In Ditto. 
1 
Corner | 65 | 449 | 
©3 In Ditto} 
o 
60 465 
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The FIELD-BO OK. 
REMARKS. . OL. o. REMARKS. 


O4 In Ditto. 
145 
= 305 
80 750 
Os In Ditto 
© O : 
8 | 302 
| 60 | 680 
| ©6 In Ditto. 
580 | 
$9 355 
67 | 663 to Or Cloſe Ditto. 


— — — 


To draw the Plan. 


Chuſe any Point ©1, to denote the firſt Station. 
Lay the Edge of a Paralle] Ruler on the Center © 
and the Point 1, and extend the other Edge till 
it touch O1, and draw by the Side thereof the Line 
1 2=550; then apply the Ruler to © and the 
Mark 2, and extend the other Edge to ©2, and 
draw thereby the Line 2 3=440; again, lay the 
Edge of the Ruler to G and the Point 3, and the 
other Edge being extended to Oz, draw the Line 
3 4=465 3 after the ſame Method lay down the 
remaining Stations, and the Traverſe is delineated. 
As for drawing the Hedges, that ſhall be left for 
the Learner's Exerciſe. 


Pxor. 
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0er. N 


To take the Plot of ſeveral Fields A, B, C, D, by 
'—_ Cireulation. FIG. 61. 


From the projecting Point O (by Prop. IV.) 
project the Stations in A, into the Points 1, 2, 3,4; 
then the Inſtrument being planted at the 2d Station, 
from the ſame projecting Point © project that Sta- 
tion (the 2d in A) into the Point 2 (2 denot- 
ing the Inſtrument being planted a ſecond Time at 
that Station) which is done thus: Lay the Index 
to O and the Point 2, and take a Back-Sight to 
the firſt Station (that being the Station immediately 
preceding that you are at in the Field-Book); then 
on the Center © take a Fore-Obſervation at the 
next ſacceeding Station, and the Index will cut the 
Circle in the Point 2*. Thus project every other 
remaining Station. 


The FIELD- BOOK. 


RE MARES. 0. | OL. | 09. | REMARKS. 
O1 | In Field 4. 
53 © 
80 | 290 
Corner; 85 | 610 | 
2 
102 Ditto. 
70 © 
| 65 | 560 
| — 
— —＋· 0 Ditto 
ö 60 =” i 
75 | 368 
55 680 


3 N 2 ; The 
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The FIELD- BOOK. 


— 


"REMARKS. 5. [GI. ö. REMARES. 
88 JF WI 
50 o TRY 
48 440 to Or. Cloſe here 4. 
Return 1 ©: In A, 
O0 
Corner 60 | 80 into . 
80 | 402 | 
| OL; Ja B, 
zo | © 
6o | 340 : 
5o | 650 ; 
Os In Ditto, 
* Helen 7 1 es | | 
bk "| 560 bye Ofor cloſing C. 
Cloſes at Cor. of 4 50 | 620 x the Hedge, 
E 
Ret. to In A. 


_ The 
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The FIELD-BOOK. 
Anne 9. | OL. « 0. | |REMARKS. 


8 Ret, to I 


Sy 


Ditto, 


n_ orner, 


To draw the Plan. 


The Bearings being protracted in the Circle O P 
N. R, the Plan may readily be drawn by Pxoe. XVI. 
B. VIII. to which I refer the Reader. 


SECT. IL a 
The Method of aſcertaining the juſt Meaſure of any 
Angle in Degrees, Minutes, Seconds, &c. 


PA O Fr. VI. 


To the erat Meaſure le BAC, that 
8 e. a Minute, 
Second, c. FIG. 62. | 
Mr Martin, in his New Art of Surveying by 

the Goniometer, has given the Method of meaſure 

| 10g 
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ing an Angle to great Exactneſs by an Inſtrument 
called A Goniometer, which is performed by mea- 
furing the Angle many Times over, and afterwards 
taking a Mean of the Whole; which Mean is the 
juſt Meaſurement of the Angle. But this is much more 
conveniently performed by a Theodolite, when an 
Inſtrument of that Kind is ready at Hand ; but as 
theſe are Inſtruments of great Value, and conſequently 
rarely met with, I ſhall by Means of a Plain-Table 
only and a Sheet of Paper placed thereon, perform 
the Work of meaſuring an Angle with as great 
Correctneſs (and Double the Expedition) as by an 
Inſtrument of ſuperior Value. However I ſhall in 
the firſt Place ſhew the Performance hereof by the 
Theodolite, and then proceed to the Uſe of the 


Plain-Table. CR, 
I. By the T heodohite. 


Fix your Theodolite at A, ſet the Index to 360 
on the Limb, direct the Teleſcope to B, and faſten 
the Limb; then diſcharging the Index, direct the 
Teleſcope to C, and faſten the Index, ſo is the Arch 
c 1=the Angle once meaſured. Then turn back the 
Teleſcope to the Mark B, and faſtening the Limb, 
direct the Teleſcope to C, and the Angle is twice 
meaſured, as denoted by the Arches c 1, 12; for 
c1 + 1 2=the Angle twice meaſured : Again, the 
Index being fixed ro the Limb, bring back the Te. 
leſcope to B, and faſten the Inſtrument; then direct 
the Teleſcope to C, and the Angle is thrice mea- 
ſured, as is repreſented by the Arches c 1, 1 2, 2 3; 
therefore c1+1 2+2 3 the Angle thrice meaſured ; 
for the Arches c 1, 1 2, 2 3 are each the — 

o 
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of the Angle B A C, and equal to one another. 
Fi. 62, 63, 64, 65, 66, 67. 
la like Manner proceed to quadruple it, quintuple 
it, and laſtly ſextuple it. Now it is evident, that 
the Index in all this Time has paſſed over the Cir- 
cumference of a Circle and the overplus Arch c 6 
14* 15, which added to 360*, the Sum 374 15/ 
is fix Times the true Quantity of the Angle. 
The overplus Arch c 6 being known, the true 


Meaſure of the Angle B AC is = . 2 — = 


62* 22“ zol =the Mean of fix Obſervations. 

Note, You may meaſure the Angle as many Times 
over us you pleaſe, only obſerve to divide the whole 
Sum or Total of the Degrees, &c. by a Number 
equal to the Times the Angle hath been meaſured, 
and the Quote will be the Mean of them all. This 
Method of meaſuring an Angle is undoubtedly the 
moſt accurate, and much more ſo than Occaſion re- 
quires in Practical Surveying, except in ſome parti- 
cular Caſes, and therefore may be practiſed more 
for Curioſity than real Service. 


II. By the Plain-T able. (F16. 68.) 

The Plain-Table being covered with Paper, draw 
thereon with a Chord of 60* the Circle 0 P © R, 
and draw the Radius 4 D. Plant the Table at A, 
lay the Index on A D, and move the Table ill 
you obſerve the Mark ; faſten the Table in this 
Direction, and bring the Index (the ſame moving on 
the Center A) to the Mark C, and the Edge 
thereof will cut the Circle in 1, ſo is the Arch D, 
1=the Angle once meaſured. Unſcrew the T 1. 
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and holding the Index in the fame Poſition, move 
the ſame ?till you obſerve the Mark B, and faſten 
the Inſtrument ; then move the Index forward to C, 
and the Edge thereof. will cut the Circle in the 
Point 2, and the Angle is twice meaſured, for the 
Arch D 1 is = the Arch 1 2, and therefore D 1 
+12=D 2 = the Angle twice meaſured; after the 
ſame Method triple it, quadruple it, quintuple it, 
and ſextuple it, for the Arches D 1, 1 2, 2 2, 
3 4+ 4 5» 5 6 put together are equal to the Angle 
ſix Times meaſured. 

It is evident from the Figure, that the Index 
has paſſed over the Circumference of the Circle and 
the overplus Arch D 6 (as before with the Theo- 
dolite), and therefore D 6 meaſured and added to 
360*, and that Sum divided by 6, will give the 
true Quantity of the Angle B 1 C=62* 22! 30%, 
the ſame as before. 

But the beſt and moſt expedirious Method of meaſur- 
ing the Angle is thus: Plant the Inſtrument at A, 
(F16. 69.) lay the Index on the Radius A4 D, and mea- 
ſure the B A C once over, whoſe Quantity is = 
the Arch D 1. Take D 1 in your Compaſſes, and 
lay it on the Circumference of the Circle fix Times 
(the Angle being required to be meaſured fix Times 
over) from D to 1, from 1 to 2, from 2 to 3, 
from 3 to 4, from 4 to 5, and from 5 to 6, which 
gives the overplus Arch D 6 as before; which be- 
ing meaſured and added to $60*, gives the true 
Meaſure of the Angle B A C= 6 22/ 30&, the 
ſame as before by the other Methods. 1 
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From 1 to 10000, 
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Number 1 to 100, and their Log. with Indices. 


© wu 6 | vw aw 8 


40 


©*000000 
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3 5675 189] 6486 3514 
| - | Co-fines | Sines |Co-tang. Tangents 


SinEs and T a N GENT 8. 


"86 5 3 


\ 


; 3 Degrees 

N Sines — [Tangents| Co-tang. | 
| 8-785675 9 999189 8-786,486| 11213814 30 
5— | N — 

7736 182] 8554 1446|29 
9787 174| 8790613] 11-209387 28 
8-791828 166} 2662 7338|27 
3859 158] 4701 5299126 
Er 
7894 142] 6752 124824 
9897 134 8800763; 1119923723 
8.801892 126 2765 723522 
3876 118 4758 $242|21 
5852 110 22 | 3258 20 
7819 40234 3717 1283/9 
9777 094 8˙8 106830 1118931718 
8811726 086 2641[ 97359117] 
3667] 577 4539] $411 — 
— — | 1* 2 
5599 wh 6529] 3471/15 
7522 061 8461 1539114 
9436 053 8'820384| 11:179616[14 
8821343] 044 2298 7702112 
3240 036] 4205 5795 11 

| 5130 027 | 6103 3897 10 
7011 019 7992 20081 9 
8884 o10 9874 01260 8| 
$:830750 ; ©02| 8-831748; 11-168252| 7 
2607 | 9998993] 6313. 6387] 6 

F a — (— 

$471 4529] 5 
7321 2679] 4 

8130 967] 9163 0837] 3 
958| 8-840998, 11:159002| 2 

950 2825 9176] 1 
35385 941 4644] 5356] of 
Co-ſines | Sines | Co-tang. | Tangents 1 


50¹ 


- 


M n 8 
333 84 | 3545 
2 7183 923] 8260 2740 
3 71 914] 8850057 | 11149943 
4 gos| 1846 154 
896] 3628 6372 
88 5403 4597 
87 7171 2829 


869 8932 1068 
9546 860 8.860886 „„ 


| © Ow aw 


20] B28] 757] %% 8477 
22 9949 7471 8˙88 1202 11118798139 


220 8·88 160 738] 2869 713113 
23] 325 728] 4530) 347037 
24] 4903 718] 65185 3815] 36 
. 2 X — — — — — 


254 554[T[ 708 7833] 2106136 


Sings and TANGENT 8. 503 


_4 Degrees | 
, ] Co-fines | 


g'9g8659 


Seh 155 24. 


. 95 
20 


— 
T 'M| 


34 


8• 941952 


3404 659659 
4852 5148 58 
6295] 3705/57 
7734 2266 56 


| 

9168 o832 55 
$-950597| 1049403054 
201 7979153 


1 
at ow 


S1nts and TANGENT. 


ww 4m I. 


E 


5 


E 


Jo 


A TaBLE of 


| £] 


s 
ee 


SIX EU ad TANGENTS. 


w-_ 
O 


4 1 . my 


ml. 1-3 þ vs 


K — te 


— 


Ho. 
* 


Soy 


508 


4 TABLE of 


—— 


eee 


— I———_— 


* — — 
* 


o | © 


Sinks and TANGENT s. 


7 Degrees 
9115698 


Co-tang. 


— 


105880571 


4470] 828 1458 
5388 911 0524 
6303 894 10'859591 
7216 876 8660 
..\ 6p 7131 

841 6804 

824 5879 

3806 4956 
2 4935 
es 3115 

— 733 2198 
Co-fines | Smes | Tangeats | 


8 


m #4 ww | 2 


Ele. 


— — 


lol 


PRA RT 


9˙¹ 


| 8 

5083 519 8565 0435047 
5957 5010 9:160457 10˙839543 46 
6830 482] "1347 8653/45 
'7700 464 2236 7764/44 
8569 446 3123 6877143 
9435 427 4008 5992042 
9160301 409 4892 510841 
1164 390 5774 442260 
2025 372] 6654] 3346 39] 
2885] 353 7532| 4468058 
3743] 3350 849 1591/37 
00] 316 9284 071636 
5454 157 35 


SiNnEts and TANGENT s. 


wa 


8383181 


5 


— 
108 


511 


512 


M. Sines | Co-ſines Tangents 
© 9 194332 9 9946209199713 
I $129] 500 91200529 
| 5925 580 1345 
3 6719 560 2156 
4 7511 540 2971 
5] 8302 519 3723 
690917 499] 4592 
7 9879] 479 5.400 
8] 9+ 200666 459 6207 
9] 1451 438] 7013 
410 2235 418 7817 
11 3017 398 8619 
12 3797 377] 9420 
13 4577 357] 97210220} ; 
14] 8355 336] 10180 
15 6131 315 1815 
16 6906 295 2611 
17 7680 274 3405 
18 8452 254 4198 
io] 922[ 233] 4989 
20 9992 212 5780] 
21| 9*210760 1911 6568 
22 1526 171} 7356 
23] 2291 150 8142 
24 3055 1291 8926 
— — — —— — — — 
25 38188 108] 9710 29935 
26 4579 08 9˙22049 1077950634 
271 5338 066] 12724 38728 33 
28 6097 O45] 2052] 7948132 
129 6854 O24 '2830] 717031 
| 30 760g ooz] 360 | 6394|20 
| r 9 — 
| 8 Co-ſines | Sines | Co-tang. Tangente “ 


SiNEsS and TANGENT Ss, 313 


1 — 3 
i Sines | Co-ſines Tangents Co- tang. 


1 


30 9217609 9994 922360 10.756394 30 


31 8364 9.993982] 4382 361829 
32 9116 960 5156 484428 


—— — — 
" 


33 9868 939 $929] 4071127 
34 9220618 918 6700 3300 26 
„ 7471 252925 
36 2115 875] 8240 1761124 
37] 2861 B54] d, 993123 
38 3606 832 9774 0227 |22 
39 4350 8119230539 10076946121 
40 5092 789 1302 8698 [20 
41 5833 768 2065 7935119 
42 6573 746] 2826 7174/18 
43 7311 725 3586 6414|17 
44 8048 703 4345 5655116 


45 B784 681] $5103 
46; 9519 _ 660] 3859 
47 9*230252 638 6614 338613 


48 0984 616] 7368 2632112 
49 8120 e i 
| 8872 1128 10 
9622 0378 9 

92403710 10˙07 59629 8 

1119 88821 7 

1865 8135] 6 

2610 73900 5 

3354 6646] 4 

4997 5993] 3 

4839] 6161 2 

$379] <421] 1 

6319} 3681] © 

[Co-tang. Tangents M 


'Y 


-— # TaBsLlt off - 


Co-tang. 


4 


10.763681 


—— — 


DE 


2943 
2206 
1470 
0736 
0002 

10.749270 
8539 
7809 
7080 


6—B 


6352 
5626 
4900 
4776 


—_—_— 


TT” 


* _— —F 
* 


345314s 


2731 
2010 
1290 

9572 | 
10.739854 


. 


SinEts and TANGENTS. 


LILY 
— ni 
[| Sines | Co-fines | Tangents| Cotang, | | 
30| 9˙ 260633 95992666 9267967 | 10732033 30 
FL 1314 643 8671 1329 29 
32 1994 619 9375 o625 28 
133 2673 596 9*270077| 16729923 |27 
34 3351 572 0779 9221026 
35] 4027 549 1479 8521025 
36 4703 525 2178 782224 
37 5378 501 2876 7124023 
38 6051 478 3573 6427 |22 
39 6723 454 4269 5731021 
40 395 430 4964] go36120 
41 065 406 658 4342119 
42 8734 382 351 364918 
43 9402 359 7043 2957117 
44 A 335 7734] 2266116 
45 0735 311 8424 157615 
46] 1400 287 9113 o887 14 
206 263 9801 0199113 
272 239 9˙280408 10719512012 
3388 214 1174 882611 
10 
2 
8 
"I" 
6 
5 
4 
3 
2 
I 
— 
M 


516 


A TABLE of 


| M| Sines Co- ſines Tangents Co-tang. is 
o 9·280599 999194792886 52 105711348 60 
I 1248; 922 9326 0674|59 
2 1897 897 9999 o00OI | 58 
| 3 2544 873; 9'290671| 10˙% 32955 
4 3191 8 1342 865856 
538360 823 2013 7987055 
6 4450 799 2682 7318|54 
7 5124 774 3350 665053 
8 5766 749 4017] 398352 
91 6408 724] 4684 331651 
10 7048 699] $349 46511501 
11 7688 674 6013 398749 
124 8326 649 6677 332348 
13 8964 624 7340 2661] 47 
14 9600 899 8001 1999 46 
159290236 574] 8662[ 133845 
16 5870 549] 9322 0678] 44 
17 1504 524 9980 0020| 4.3 
18 2137 498 | 91300638] 10699362] 42 
19 2709 473 1295 870541 
20] 3399 448] 1950 3049040 
21 4029 423 2607 7393139 
22 4658 397 3261 673938 
23 5286 372 3914 608 637 
24] $913 346] 4567 5433036 
25] 6539 321 53218 4782035 
26 7164 295 5869 4131134 
27 7788 270] 6519][ 3481/33 
28 8412 244 7168 28330324 
29 9034 218 7816 2185031 
30 9655 193] 8463 153730 
® | Co-ſines Sines | Co-tang.| Tangents |M 
78 Degrees. | , 


Sings and TANGENTS. 517 


11 Degrees 


— 


i . Sines | Co-ſincs [Tangents Co-tang. 
30 9˙299658 9991193 973084631 691537 30 
310 91300276] 167 9109 o89 1 29 
32 0895 141 9754 0246 28 
33 1514 115 9˙310399 1068960 27 
134 20g2] - : oy. 1042 8958 26 
35] 2749 964] 1685 8315025 
36 3364 038 2327 7673 24 
3 3979 O12 2968 7033 23 
3 4593 9990986 3608 6392 22 
39 5207 goo 4247 575321 
40 5819 934] 4885 5115|20 
41] 0430 5523 447719 ; 
42 7041 882 6159 3841] 18 
43 7650 855 6795 3205'17 
44 8259 829 7430] - 2570116 
461 8867 803] 8064 1936015 
4 9474 7771 7 1303114 
4719310080 750 9330 0671113 
48] 685 724 9961] 003912 
494 1289] 65979320592 10679408 11 
— — 1— — 
50 1893 | G71 WS 8778 10 
gil 2995 873 18511 8149] 9 
$2 3097 61 24791 17521 8 
$3] 3 591 36 8894/7 
344 4298 565 3733. 6267 6 

— ——— — k — 
5 6 3 

8 4 

13 

2 

I 

© 

NM 


418 


Co-tang. | 

—  — werd 26160 
eee 
— — li 1905/59 
I 8473 378 I * 58 
2 9066 351 Bog hs 57 
3 9658 324 9335 0047156 
r * 6 2 35 

| 5| —_ 2 or: © 54 
6 1430 123 1803 819753 
21 2019 1 2418 7582452 
9| - 3194]; .* 261]  gogs — 
e | 6354150 
10 3780 134 2 + 49 
11 4366 oy 487 4 5129 48 
— 1 _ 5482], 451 42 

5534 | 

— 6117 255 022 3907 = 
— . e F 298045 
1585 6700 7 20 2685 44 
16 [9281] | 970 a 2081143 
17] . 7862], 942 1. 1473/42 
188 8442 g 915 5” 686741 
19 9021 887 BA 9133 K — 
mmm e f 61 401 

| 8860 9739] o 

20 9599 | al 26139 
22] 0753]; Bog : 15821 Lids 
234 1329 | 777 * aun = | 7845 36 
24 1904 & 149] -Y 55 — — 
r N ‚ HR 243035 
[25|-- 4478 Bos ul] 3358 i 6642 34 
„ e 2% 35% La 
127 93 3624 | | 6 5 Wh 58 | ) 5442 32 
28 496% 527 | Te: 1 4184331 

r 5755 44453 
30 33377 857 B 


| 


SIN ES and TANGENT s. 


Sines 


9335337 


9349434 


0996 
1558 
2119 
2679 
3239 


3797 
4355 


9989582 


— — D — 


554 
525 


497 
4 


356 
32 


| | Co-tang. | | 
9345755] 1065424530 
6353 364729 
6949 305128 
7545 2455127 
8141 1859 26 
8735 1265025 
9329 07124 
- 9922 0078|23 
9*350514| 10:649486|22 
1106] 8894 21 
1697 8303 20 
2287 771319 
2876 7124 18 
3465 6535117 
4953] 594716 
4640 5360|15) 
$327 4773114, 
5813 418713 
6398 3602112 
6982 3018411 
7566 243410 
8149 i851} 9 
8731 1269 8 
9313 0687] 7 

94 0107] 6 
9 360% 10:639526| 5 
105 8947 4 
1632 8368 3 
2210 7790 2 
2787 7213 x 
3364 6636 of | 
Co-tapg. | Tangents |M 


| 


520 


A TazLE of 


9360215 


0752 
1287 
1822 
2356 


2839 


13 Degrees 

Mi Sines Co-ſines |Tangents Co-tang. | 

0| 9*352088| 9988724] 9:363364| 10:636636| 60 
I 2635 695 3940 6060 59 
2 3181 666, 4516 5485|58 
3 3726 636 5090 4910057 
4] 4271 607] $664 4336 2 
5 4815 578 6237 376355 
6 5358 548 68 10 3190054 
7 5901 519 7382 261853 
8 6443 489 2953 2047152 
9 6984 460 8524 1476051 


SINES and TANGENT 8. 321 


13 Degrees 
MI Siges | Co-ſines Tangents , Co-tang. ＋ 
30 9˙368 185 9987832 91380354] 10˙6 1964630 
31 8711 8011“ oglo 909029 
32 9236 771 1466 853528 
33 9761 740 2021 798027 
349370285 710 2575 7425 26 
35 o808 679 3129 6872025 
36 1330 649 3682 6318024 
37 1852 618 4234 5766023 
38 2374 588 4786 5214022 
139 2894 $57 $337] 4963/21 
40 3414 526 5888 4112120 
41 3933 496 6438 3562119 
42 4452 465 6987 3913118 
43 4970 434 7536 2464/17 
44 5487 403 8084 191616 
45] G6003 372 8631 1369015 
46 6519 341 7178 0822014 
47 7035 310 9724 0276113 
4 7549 279| 9'390270] 106097 30/12 
49 3 248 0815 9185011 
50 8577 217 1360 7 = 8641010 
516 9089 186 1903 8097 9 
52] 9502 155 2447 7553] 8 
53] 91380113 124 2989 70117 
544 0624 O92 3531] ©6469} 6 
55 1134 061 4073 5927 5 
56 1643 030 4614 5386] 4 
$7 2152| 9986998 5154 4846] 3 
58 2661 967] 5694 4307 2 
59} 3168 936 6233 3767] 1 
60 3675 904 67710 33229 © 8 
Co-ſines | Sines | Co-tang.) Tangents |M 
q 10 Degrees. ws 


3X 2 


522 


SIN ES and TANGENTS. 


Be” 24 
M| Sines | Co-fines [Tangents| Co-tapg. | | 
o| 9383675 | 9986904 | 9:396771| 101603229 — 
I 4182 873 7309 269159 
2 4687 841 7846 2154/58 
I 5192 80g] 8383 161757 
4 5697 778 8919 108156 
5 6201 749] 9455 054555 
6 6704 714 9990 001054 
133 683 | 9*400524| 10599476| 53 
8 7709 651 1058 8942 52 
9 8210 619 1591 840981 : 
—  —— — — — 
10 8711 587 2124 7876 50 
111 9211 555 2656 7344/49 
12 9711 523 681348 
13 6282 47 
14 $751] 46 
F _ 427| $222 45 
16 1703 395 4692] 44 
17 2199 363 416443 
18 2695 331 363642 
19 3191 299 310841 
— k — ͤ— — — 
20 368 5 266 2581 40 
21 4179 234 205539 
22 4673 202 152938 
23 5166 169 100437 
24] 36586 137 479 35 
aig — — 
25 6150 105 9*410045| 1058995; 35 
26 6641 072 569 9431034 
27 9132 039] 1092 33 
28 7622 oo) 1615 838 5 32 
29 Brit] g'g85974] 2137 786331 
30 8600 942 26 58 734⁴ 50 
Co: ſines Sines | Co-tang. | Tangents M 


$24 


A TABLE of 
15 Degrees i 

N Sines | Co-ſines [Tangents {| Co-tang. 
——— — — —— 
o 9412996 9'984944| 9428053] 10˙5 60 
* | — come come 
1 | 9'413467 910 558 443| 59 
2 933 876] 9429062 10*570938| 58 
3 | 91414408 842 566 434057 
4 878 8089.430070 10569930 56 
59415347 774 573 427155 
6 81 740] 9431075 100568925] 54 
7 | 91416283 706 $77 42353 
8 751 672] 9˙432079 1056792152 
9 19˙417217 638 580 420151 
10 684 603 9433080 10566920 50 
1119418150 559 581 420149 
12 615 535] 9˙ 434080 10:565920] 48 
13] 91419080 $00 579 421147 
14 544 466 9:435078| 10:564922| 46 
I 5} 9*420007 432 57 424045 
16 470 397] 9435073] 1015639271 44 
17 933 363 570 430] 43 
18] 9*421395] 328] 91437067] 10562933142 
19 857 294 563 437 
20] 9*422318 259] 9438059] 101561941] 40 
21 778 224 554 445139] 
22] 9423238 190 9˙439049 1056095238 
23 697 155 543 457137 
24] 9424156 120] 9:440036| 10559964 | 36 
[25 bis] 835 530 471135 
26] 9425073 O50] 9441022] 10558978 | 34 
27 530 6015 515 486133 
28 987] 9'9B398 1] 9:442006| 10557994] 32 
29] 3426443 94 498 $03] 31 
30 899 911 988 0121 30 

] Co-ſines | Sines | Co-tang.|Tangents | M 


SixEs and TANGENTS, 


15 Degrees 

MI Sines | Co-fines Tangents| Co-tang. - 
30| 9426899] 9'983911] 91442988] 10-557012[30 
[31] 94427354 876] 91443479] 10:556521|29 
132 809 840 969 032128 
33| 9428263 805| 9444458] 10˙555 542027 
34; 717 770 947 O53 

35| 9429170 73517445435 10'554565|25 
36 623 700 923 077124 
37 | 9430073 664| 91446411] 10'553589|23 
38 527 629 898 10222 
[39 978 $74] 9'447384| 10'552616|21 
. 4 ann 5 
40 9˙431429 558 870 1300 20 
41 879 523] 9448336] 10*551644|19 
42] 9432329 487 841 159418 
43 778 452] 91449326] 10:550674|[17 
44] 9:433226 416 810 190 16 
45 675 3819450294 1054970615 
145] 9˙434122 345 777 223114 
47 569 309 9˙451260 10548740| 13 
48] 91435016 274 743 25712 
49 452 238 9452225] 10547775 [17 
50 908 202 706 294 10 
519436353 166 9.453187] 10·5468 139 
52 798 130 6681 332 8 
539437242 094| 9454148] 105458520 7 
54 686 058 — 372 1 
W e eee, d ee 
55 91438129], 022] 91455107] 10544893] 5 
56 57219982986 586 414] 4 
157| 9439014 950] 9456064] 10543936] 3 
58 456 914 542 458 | 
59] 897 878] 91457019] 10542981] 1 
60 9˙440338 842 496 504| © 
|_| Co-ſines | . | Tangents LI 


526 


A TaBLls of 


16 Degrees 

Co-ſiges | Tangents Co-tang. 5 

9982842 91457496 — 

805 973 02759 

769 9$'458449] 10541851058 
733 925 0751571 

696 37459400] 10·5 4060056 

660 875 12355 

6249460349 10˙5 3965164 

587 823 177153 

551| 9461297] 10˙538 70362 

$14 770 230 

nol 720 477 94622420 1053775850 
1119445155 441 715 286149 
12 590 404 9˙463 186 10·5 368 14/48 
13] 9:446025 367 658 342147 
14 459 331| 9464129] 10535872146 
15 893 294 599 401145 
16] 9*447326 257| 9˙46 5069 10534931144 
17 759 220 539 461143 
18 9˙448191 183 9:4 10˙533992 2 
19 623 146 5241 
120 9449054 055140! 
3 10· 532 557 39 
22 915 | 120038 
239480345 10531653137 
9] . 99s 186|36 
[25| 9:451204 24 | 946928 105307205 
26 632 86 746 25434 
27 9˙45206⁰0 549 91470211] 1052978933 
28 488 812 676 324132 
29 gig 774] 91471141] 105288 59131 
30 9453342 737] 5 39530 
| | Co-fines | Sines Tangente |M 


SinEs and TANGENTS. 


16 Degrees 


Co- ſiaes 


38 


9743334 99982737, 


= 


39] 9457162] | 


— 


739 


584 


＋ 


| Tangents | 
947 1605, 
— — 


*» 
| 


Co-tang. 
1052839 5.30 


9472069 
128 

995 
9473457 


9 475303 
763 


9470223 
683 
9477142 
601 
9478059 


| 


* ; 


$17 

9751 
9479432 
| 889 
9480345 


2 —— 


10527932 29 


458 28 


9027 
10526543 26 

08125 
10·525619 24 

158 23 
1052469722 
2371 


. 


10.523777 ½⁰ 

317,19 
15 
399,17 
16 


| 


10-5228 58 
| 9 
10˙52 1941 


483/15 
| 025 14 
10520568 13 
11112 


10· 51965511 


9485339 


801 
9481257 
712 


— by 

r 199 

1058743 
288 


10˙517833 
379, 


9 


| 


wv 1 


10·5 16925 
471 

- 3 018 
ro515565| 
N 
10˙5 14661 
1 


222 


I 


. 
Co: tang. 


 Tangents 


[ELe 


_ 


8 


528 


A Tanrr of 
77 Degrees ; 
** Sines Co- ines 3 Co-tang. 
0 94935 9980596] 9'485339] 10814662 
r | 9:466348] 558] 791 209] 5 
2 761 519] 94486242 | 10515758] 5 
3 | 9467173 480 693 97157 
4 535] 4429487143 10'512 x7 56 
5 403 593 407 5 
6 | 9:468407 364] 9488043 | 10511957] 54 
7 817 325 492 $08] 53 
8 | 91469227} 286 941! 25952 
9 637 247| 9:489 390 \20-510610] 57 
10 9470046 208 838 162150 
11 455 169 9490286 10 509754 49 
12 863 130 733 267] 48 
13] 9:491271 091| 9492 180 10508820 47 
14] 57% 052 625 27304 
1 * —1 
15] 9:472086] or2| 9:492073) 10:507927]45 
16 492| 9979973 519 48114. 
17 899 934 965 035143 
18] 9473394 895| 9493410] 10-506590[42| 
19 716 855 8550 14 
20 949115 816 91494300] 105505701 
21 2519 776 = | 2735 
22 320 2379495187 10˙5048 14/38 
2319475327 697 30 370137] 
24 730 658 —.— — 5 
25] 9476133 618 575 225 35 
26 536 579 957 043134] 
27 938 $37 | 91497399] 10: 502601 | 33; 
28] 9:47 7340 499] 841 15932 
29 741 459 9498282 10•501718031 
wi _ 278} 30 
Tangent M 


SINES and TANGENTS. 


Co- can 8. 4 


10501278 


io 500837 
60 


397 
10499958 
519 


—— — — 


080 
10:498641 
203 


10*497765 
328 


10496891 
46 


454 
018 


10˙495582 
146 


9487251 


643 
| | 
5519488034 


424 
814 
9 
323 


. $93 
9 507027 


10494711 


10*491674 
241 


10” 


378 


10:489946| 
48 þ 


515 
084 
10488654 


224 


|S | O « © W þ vw | 8 ©Qe 


— 


—— 


329 


Mi Sines 
©, 94489982 
1] 91490371 
2 759 
3 9491147 
4 $35 
5 922 
6| 94492308 
7 695 
8| 97493081 
9 466 
10 951 
1119˙494236 
12 621 
139495005 
14 388 
15 772 
16 | 9496155 
17 $37} 
18] 919 
19 | 94497301 
20 682 
21 94498064 | 
22 444 
23 825 
24 9499205 
25 584 
26 963 
27 9500342 
28 721 
29 95501099 
30 476 
| | Co-ſines 


— 


4844 516/49 
gio| 99048 
9517537 10˙482665ʃ47 
761] 239% 
9518186 10•48 1815045 
3 6101 39044 
9' 519034 10480966] 43 
apt „ 542042 
| 118041 
— ba 
gez 10479695140, 
728 27239 
9 521151] 104478849] 38 
$73 437037 
. .. 4 
9'$22417 10 477755 350 
b 838 8 2134} 
9323259 wet 33 
680 32132 
952400 10˙47 590531 
_ 480130} - 


StuES and TANGENT 8s. 


50 9.501476 976957 9524520] 10:475480|30 
31 854 914 940] 661/29 
329502231 872 9525359] 14746428 
33 608 830 77 22227 
34 984 787 9˙526 197 10480326 
35 9503360] 745 618 38525 
36 735 702 9527033 101472967 | 24 
37| 95504111 660 451] 54923 
38 48 5 61710 868 13222 
39 860 575 9528285] 10˙471715ʃ21 
1 1 6 | 
49] 9'595234 . $32] - 702 29820 
41. 608 489] 91529119] 104470881] 19 
42] 981 446 535 465118 
43] 3506354] 404 951] 2350/7] 
444 727 361] 94530366] 101469634] v6 
45| 9507099] g18] 981 219] 15 
46 471]. 275| 9531196] 1046880414 
4 843 232] 611 238913 
19508214 1899 532025 101467975] 12 
49 585 146 439 561011 
— * — 
[ 955 1030 8533 14710 
{51] 95569326]. 6609533266 10˙466734 9 
52 696} 617] 6579 32¹ 
439510065 97975974 9534092 10465908 7 
154 434] 939 504] 6 
— 5 | - — 
ss% Bog 867 916 0830 5 
56 9511772 54495353280 1046467204 
157 $40 800 739] - 262] 3 
158)  - 907 75719536151 104638 50 2 
59 9512275 714 561 439] 1 
160! 642 670 972 023] © 
[Co. ines]  Sines | | Co-tang MI 


. | Tangeats | 


— 

o 9512642] 9975670] 9*536972| 10.463028 60 
| 1 9*513009 627] 9*537382| 10*462618|59 
2 375 533 792 5 

3 741 $39] 9538202 
4' 97514107 496 611 
5 472 452] 9*539020 
6 837 408. 429 
7, 3515202 365 837 35 
d 566 3219540245 10*459755152 
9 930 277 653 347051 
N. — 2 
10 91516294] 23319" 541061} 10˙ 4589390 
11 657 189 468 532149 
1219517020 145 875 125148 
13 382 10119˙54228 11 10* 457719147 
14 745 57 - 312146 
15| gr518107] 013] 91543094 
16 4689974969 499 
17 830 925 905 
18] 9˙519190 88095443 10 
19 552 $36 715 
200 911] 37929846119 
2119520271 748 524 
22 631 703 928 
23 990 65919546331 
— 9521349 614 735 
25 707 $570] 9*5$471 38] 10: 452862 37 
26] 9522066 525 $41 4034 
27 424 481] 943 057133 
28 781 436, 3 548345] 1045165532 
29] 9523138] 391] 747] © 253137 
30 495 347.9549149 10*45085 30 
| | Comes: Sines | Co-tang. | Tangents M. 


70 Degrees. 


Stuss and TANnGEtTs. 


$33 


— __19 Degrees | 
o Bo Blend rm = ba Il 
30] 9'523495 9974347 9549149 10*450851 30 | 
* ms | - — 
— 852 302 550 45029 
3] 9524208 257]. 951 049/28 
8 504 | 2 9559352 | 10*449648 27 
920 7 752 — 248 * 
35| 9525975] 229-8811530 10:448848 [25 
36 630 077 552 44824 
37 835 1 032 952 048|23 
133] 9520339] 997 3987[9 552351 | 10˙447649 22 
39 693] „ 250021 
40 * 297553149 104685120 
47] 852 548] 4820/0 
42 807] 946 054118 
45 real? io  962| 9554344] 10:445656|17| 
un 2223916 
145 | 810 | 671 9555139 10 61 23 
essen 626] 5% 464/14] 
47] 885 | 580 933 567113 
48 4] 53509˙556329 10:443671|12 
49] 9530215 726] 275 11 
50] 555 | 9*55$7121| 19 442879 10 
51 917 48 9 
52 9531265 8 
$3 6144 2 
54 964 | 6 
„* „„ = 
5| 9532312 ; 
8667 1 
52197533009 | 3 
5888 357 10˙439721 7 
$9 704 327 r 
3534052 — 4.4 — 934 * 
Lo-fines | Sines |Co-tang. | Tangents JM 


| 


I 


9534052 


399 
745 
9" 535092 
438 
783 
9536129 

474 
818 
9˙537163 


ä 
©. 


* 


# 


TIME ILY 


— 


O 
= 
* 

3 
4 
$5 
6 
16 
8 
9 


=4 


* 
1 
- 


15] 9*539223, 

— 
17 907 
18] 9*549249 
ig] 5900 


yn—_ 


* — 
29 . 831 
21|9*541272 
22 613 


23 9853 9570036 


249542293 1220 
25 632 8 823 | 809 5 


| 2 2 , 8 
26] 971] ... 776|g 572195 10 
127] 9*543310| 7291 3810 
4 bag 682 9067 
29 987] . 633] 9572352 
309544325 58% 


= 


Sinzs TIN 8. 


" Sines | 


| 
— — — 


3 $44323 


gl 


Foote | 2 . 
27 D * 


2954700 
339 


10-426877 
} | 22 


| 20424724 
— — 


663 


9351024 ES 
F 356] -- 


"tt 550027|- 779 , * 


2 --- 1 


= — bd 
141238981149 
| W 499 We: - $28] 
| We * 


5 204\9*582286| F 

TE 343 66% 235 

"-, eh3' 583044] en | 
= 68». fas Lin * 


- 153|9 584177 ar au5h23 


3 2 


335 


21 Degrees 
MJ Sines | Co-fines. Tangents | 
— —— ; 
o | 9*554329| 9970152] 9 584177. 
I 688 103] 355 
. o5s| + 23320 
395553155 _006|g* 585309 
+ 64319969957] . 686 
5 971] 909 g586062| 10”; [25 
6 |9*5562959] - 860| ' 439 561020 
7 „ r ens 23 
8 9533 7629587190 104810025 
9 | 557280] 74 566 43423 
10 606 665 9410 05920 
pr 932þ. — 9588316 10411684 uy 
12] 9*5 58258] . 567] 691% _ 3ogh 
13] „ | $18) 9589066 20-410934hp 
14] *'y69] 469] - 449]. Sohle 
115195559234], 
16 TY 59| 
| 4 ** 3 29 obs 
18] 9*560207 9380 | 
[19] 53 9591308 | 10 408692 
20] 858[ 1734 681 31900 
2195611788 124 9592054 10˙407946 
122 - 


501 07 +. 426] 5748 
233 824] 025 799% 203 
24 9˙562 1469968976 91593171] 204830 


e e e ag 


26] 790 38377 9% 

27| 9*3bgn12| 827 9594285 164405715] 
28 434. 777] - 656] 344] 
29 7551 728 9595027 10040973 
300 9364075] 567% 398[ - 6cy 


ſco-gses Sines Co- tang. Tangents 
5 68 Degrees. * 


SIiNnEs and TAN OENTS. 


4290 9747 
6164 
98560 

— 278 hay ö 

* eee 


293 9599991 


s 953 


1395777 6 


4| ark ndl; 
1 | 10 39355 


338 | 4 Tavis of 


SinEs and TAxGENTS. 


Is) 


us | 


JOUud, 6 & Www 


T& 
— 


wu 


JM | Sines Co-ſines | 
09591878] 9:964026, 9*627852|10+372148 
119*592176|9*963972| 9*628203|10*371797 
2 554. 445 
3 „ 
4 629255 
606 
| 986 
9*630306 
656 
9631005 
| 3550 
11 9* 595137 704 
12 432 9*632053 
1131 727 4802 
1449.596021 7501 
ns} 315 2171 9*633099 
16 609 163] 447 
17 903 108 795 
189 597197 ©54| 9634143 
119 490.9 · 96 2999] 490 
20 78j0 945 838 
21] 9 598075 890, 9*635185 
22 368 836] 532 
23 660 781 879 121037 
24 952 727 9636226 10363774 
25] 9* 599244 G72] _ $72 
26] 536 617] 919% 34 
27 837 5621 9*637265 |10:362735[33 
28] 9*600118 508] 611 - 389132 
29 409 956 
30 700 
Co-ſines 


Sings and] TANGENTS. 


26 
3 
35] 9*602150 | | 25 
36] * 439] - : 629024 
1371 723 o 012] 716 28423 
300% 996195710 ro. 3589 fes 
— —-— A 4s as 
4% 594] + 846] 62271 3 
4114 21  9y9T 960420911 90911 
42] 9:604170] © 73% 43% 3650818 
434 47% 68% 77/2231 
eee 
4556 3669 1 $37 151 
461 319 513 + 806] 19414 
47} 45 9644148 an 13 
89202 490 51012 
4 „60% 3% 832 168111 
50 465 290 enn Sue 
Fil 75235 : $201! 21484] 
$21 94607036] 15 + > 858 >z 143] 
+ 1 322] % 133 9*'646199 10˙353801 
See 4% 460 
1 er O12 881|| 8 119 
59768127 9960955 9647222 $0'952778 
e ee 
15 14 90 % 
DE : 786, 9648243, $0035 351757 1 
3130 73. 56 47/0 
Leere — ad 


4 T4212 of: 


— —— 


96 9960730] 9648585, — 


3 


+ ve 8 am 


wa [ 
A 
4 7 


n 


— 


—_ 


{ JI. ©. 0 077 
9649263 19; 
602 398 
-,- 942] ogs| 


eso 10: 349319], 
620 380 
045 


FL, ELIE 


* * 


364 


14-0 2 
10 347687 
880 

O12 


——_— 


2 


0 863145 

$ | 209456630145 
* $26143 

41 


or 34498 


- 9$37}45 


— 
. 


652 


SINES and TANGENT Ss. 
.24 Degrees 3 
M| Sines Co-ſines [Tangents| Co- tang. 1 
— — — — — —ä— ðæ— 
— 96 177279959023 g'658704] 10: 3412961 30 
* — — — — — — — — —1 — 
31] 9618004 9958965 9659039] 10: 340961] 29 
324 ' 281 9081 373 627128 
33 355 850 708 29227 
34 34 792 956004 10339956826 
35] 3619110) 735 376 624/25 
36 386 677 710 290| 24 
37 662 619| 9*661043] 10338957] 23 
38 938 561 377 623022 
39] 9620213 503 710 290121 
| 488] 445| 9662043] 10:337957|20 
41 763 387 377 624/19 
42] 621038 329 709 291018 
43 313 271] 91663042] 10:336958117 
44] 587 213 375 626116 
— FROG a 
145 861 154 707 293015 
| 46] 9622135 o96 | 9:664039}[10- 335961114 
| 47 499 35! 37%] 62943 
| 48) 682] 9957979 703 297112 
6 9665035] 10˙334965T1 
63410 
303 9 
103339710 8 
640 7 
309 6 
10332979] 5 
648 4 
318] 3; 
10331987] 2 
6571 1 
gon : 
| Tangents MI 


$43 


544 A TanLE of' 2 
ES 25 Degrees. 3 
M | Sines | Co-ſines Tangents | Co- ang. 1 
9] 9:625948| 9'957276| 9668673] 10˙3373286 

L] 91626219] ' 217| g 669002] 101330998 

2 490 158880 +332 668 

3 760 : © ogg 661 339 

4 9627030} 040 991 oO 9 

5 300 9·9 5698 10 91670320] 10329680 
Re 

7 840 862] 977 O23 

8] 9:628109 803| 9*671306 20260 

9 | EE 6 | 

2 37 744] 35 3 | 
10 647 684] 963 037|50 
11 916 625 91672291] 1032770949 
12] 91629185 566 619 381048 
13 453 50 947 053147 
14 721 447] 91673275] 10˙3267264 
1989] 387 602 39804 
(10| 91630257], 327 929 071144 
17 524 2608] 9674257] 10325743143 
18 792 208 584 41416142 
19] 94631059 148 911 09041 
2 1 W 
20 326 o89 | 9*675237] 1032476340 
21 593 929 564] * 436139] 
22 859 9'955969} 890 11038 
23 91632126 90995676217 10˙323784037 
24 392 549] 543 457136 
[#5] 658) 789] +869] - 132025] 
26 923 729 9677194] 101322806 34 
27| 9633189 669 3520] , 03% 
28 454 609 846 154/32 
29 719 549 96781710 10˙321829 31 
30 9844 468 496] 304/30 

Co-ſmes | Sines | Co-tang. | Tangente |M 


SINE8 and /FANGENTS. 


25 Degrees = 
Co-ſines | Tangente — 
—_ 9678496. 10321504 Jo 
72 ; 76 - 179] 29 
368 9*679146, 10˙3208 54, 28 
907 471 $29] 27 
| 247 795 205 26 
186 9˙68012⁰ 03295007 55, 
12 444 55624 
065 768] 23223 
. ©og, 9˙68 1092 10˙3 1890822 
9954944: + - 416 58421 
. | 88g] 740 26020 
37 99 9'682063 10*317937 |19 
2232 387 614018 
7011 710 29017 
640, 9683033 10˙3 1696716 
572 336 644/15 
318 679 32214 
457 a9 684001 | 10315999 |13 
- 3296| 324 676112 
335 6460 354011 
274 , 968 032110 
213; 5290 I0*'314)10\ 9 
152 612] 3888 
09 934 6667 
29 9686255 10˙313745 6 
— ; 97953968 977 423] 5 
906 898 1024 
57 9 641064 845| 958729 10312781 3 
58 324 783 300 -460| 2 
591 $63 722 86x] ' 139] 1 
I 42 _ 660] 9 688182| 10311818 © 
Co. ſmes Sines Co- tang. Tangente k 
64 Degrees. 


345 


546 


— 


| 


| = 


— 


** 


10311818 


1 


498 
177 
3 to: 3108 57 
+ $37 
5 217 
6 10:309897 
J 77 
8 278 
9 103089 38 
10 619 
11 300 
* 10· 307981 
13 662 
8. 344 
15 02 
oo 10· 306 50 
17 388 
18 070 
19 10*305752 
4 434 
ai 117 
"I 10· 304799 
9 482 
24 165 
25 | 10303847 
26 530 
27 
28 


SINES and TANGENTS. 


Sies 


9:649527 


Co- tang. 


10*30226 


| 781 
9650034 


10301947 
| 631 


024 
10*294710 


8 


9 


397 
9084 


10293772 
4850 


$4}. 147 


| 10*292834 


— 


2 


w » wW 4 ww | 6w © 


7 


HE 


547 


548 


4 TAL f 
27 Degrees 3 . 
M] Sines + Co-ſines Tangents -Co-tang. 

o| 5657047] 9949881} 9:707166] 107292834 

„ 817 478 522 
2 542 752 790 210 

918 688] 9*108102| 10291898 
4 9'658037 623] 414 586 
— — —_—_—_—_—_ — - 

5 284 559 726 '' 274 
6 $31 494] $709037| Io 3 
I 429 3490 651 
8 9659025 365 660 340 
9 271 390 971 029 
10 517 235 9710282 10289718 
11 763 170 593 407 
12! 9*660009 105 9044 
134 255 0409711215 
14 5019948975 525 
150 745 910[ 836 
16 991] 84509712146 
179861236 780 456 
48 481 715 766 
19 : 726 \ 650 9*7 18076 
20 970 | 384 385 
21, 9662215 519 696 
22 4590 454| 97714005 
'23 703 388 315 
24 946] 3323 624 
25 9663190] 27 333 
26 434 1929715242 10284758 
27 677 126 851 449 
28 920 6060 860[ 141 
29 96641630 9947995 9716168] 10˙283832 
30 406 929 477 $23 
| | Co-fines | Sines | Co-tang. | Tangents 4M | 


SINES and TANGENT s. 


549 
— 27 Degrees 1 
[M] Sines Co-ſines Tangents Co-tang. . 
30 9:664406| 9947929 9˙7 16477 10.263 523/30 
31 648 863 7 215/29 
324 894 797| 9717093! 10'282907 13 
331 9665133 731] 40 - 599/27 
34 375 666 709 291126 
35 - 617] - - 600 9:718017| 10 281983 25 
36 858990 $34 325 675 24 
379666100 _ 467 633 367 23 
38 FEY 4901 940 60022 
39 5833. 3359719248 10˙280752ʃ21 
FEI — e9b— [| — — 
40 824 269 555 445 20 
41] 9667065 203 862] 13619 
42 305 1369720169 100279831118 
430 546 070 47 524/17 
44 786] _ , 004 783 217116 
45] 9*568027| 9946937 91721089] 10 278918 15 
46 267 871 396 60414 
471 506 804 1 | 298 I3 
48 746] ©. : 738| 9722009] 1027799212 
49 9866 671 315 685011 
50 9-669225 ; 604 621 379110 
gr] 46 5380 927 073] 9 
52 703 471] 91723232) 10˙276768 8 
404 538 462] 7 
337] 844 156 6 
270 91724149] 10*275851] 5 
203 454 $46] 4 
198 760 241 3 
969 91925065] 1 10*274935] 2 
002 370 631] 1 
9945935 6574 326] © 
— 
! Sines | Tangents M 


62 Degrees. 


$59 


k 9*671609| 9945935 
I 847 868 979 
2| 9672084 801] gr 726284 
3 321 733 588 
4 $58 666 893 
[5 795 399 9*727197 
6| 9673032 $31 501 
7 268 464 805 
$ 305 3969728 109 
9 741 329 412 
o 977 261 716 
9674213 193 9729020 
449 126 323 
684 o58 626 
| 91919 944999] 930 
9 675155 — 9730233 
390 854 535 
625 786 838 
859 918) 9*731141 
— I: IAA. .... 
328 582 746 
562 514] 9*732048 
96 44 351 
9*677030 378 653 
264 399] 93550 
498 2410973325) 
| 731 173 558 
313 1044 860 
9678197 93619734162 
4309 ˙943967 463 
663 899 764 
| Co-fines | Sines — 


StnEf. and TANGENTS, 


28 Degrees 


Co- ſines | Tangents "Co-tang. 
9943398 9734764 


895 


9742261 
359 
358 


454 


10260729 


9 7432 56] 10”: 


| — 


430114 


10257739 


551 


452 


* | 
+ ww » =» 


S SA 


«MY 

9*'685571 

1 

| 1 * 799 

14 9686027 

3 254 

+ 482 

=x | 

5 799 

6 936| 
| 

1 7 9687163 

38 

9 |; 818 

K 843 


N 


— 
9743752 


9*7 440950 
348 

645 

943 


— —jé 


9745240 


— 


10255950 


274 


10"251791 
3 


— 


— 


1 


S In ES and TANGENTS. 
29 Degrees 


9 693 39 9939697 526% 4750 
3827 063 
9753237 10246769 


- B81 190] 9 
9759102 10 240898 8 
325 605} 7 
687 313 6 
979 S215 
97602720 10239728 4 
5644 4136 3 

| 2 

91 

© 


— 


$53 


$54 


1 A Tanin of 


| OO. ANON 
25 Sines | Co-fincs [Tangen ts Co-tang 
o | 94698970] 9937531] 9*761439] 10:338561 
— ——_ — * 
16599189 23801721 26959 
2 497 385] 91762023] 10237977] 58 
3 626 312] 314 686] 57 
4 844 238 a 606) 394 56 
5 | 9*700062] 165 897 103055 
6 280 092| 9763188 1˙2368 12054 
7 498 olg] 479 52153 
8 71699369240“ | 770] 23052 
E 933 872] 9764061 | 10˙23 593905 
1019701151 799 352 648150 
11 368 725 643 357149 
12] 585 652 933 667 | 48 
13 802 5789765224 16234776147 
14] 9*702019 505 514 486] 46. 
15 236 431 Bos] 195/45 
16 452 3579766095 104233855 44 
17 669 284 385 15143 
18 88 5 210 675 325142 
19] 95703101 136 965] 035141. 
20 317] 5629˙767255 10*232745|40 
21 53319935988 45] 455039 
22 749 914 34 16638 
23 964 840 9768 124 10˙23 187637 
249/4779 766 413 587 2 
— — —— — £ — —— 
25 395 692 703 297035 
26 925 618 992 dos 34 
27 825] 543] 9769281] 10230719133. 
28| 91705040 4091 570 430132 
29 254 395 860 140/31 
30 465 32095770148 10229852130 
| | Co-fines | Sines Co-ring.| Tangents |M | 


59 Degrees. 


SINES ahd TancEtnTS 


———J. : 
[M| Lines | Co-lines 'Tangents| Co-tang. | 
30 9705469! 9:935320| 97746010 229852] 30| 
3 683] 246] 437 56329 
38 897 171 726 274\ 28 
33] 91706112], ' 097] 9*771015| 100228985] 27] 
34] 326 022 303 69726 
— me 4 — 
35 539 9934948 592 408 27 
3 873 880 12024 
37 967 798977168 10˙227832 23 
38| 9707 180 7233 457 54322 
1 649 745 25521 
40 606 $74| 9773033] 10226967 20 
11 819 499 214 229 
42] 95708032] 424 608 392 18 
43] ' 245 349 896 10417 
44 457 274] 9774184} 10225816016 
45] 670| 199 471 52915 
46 882 123 759 241114 
471 9709094 048] 9*775046| 10*224954|13 
48 306 9*933973 333 667 12 
49 518 898 21 3790/7 
> cons wa — — ( O5 — „ 
zo} 7230 822 9092 
Fil 942 747| 9*776195| 10223805 
52 710153 67¹ 482 518 
$3 34 596 769 232] 7 
54 $575 $20| 9*777055| 122945 6 
55 786 444 342 658] 5] 
56 997] 369 628 3724 
$71 9*711208] 293 915 085 3 
$3} 419 2179778201 10˙221799 2 
59] 629] 142| 487 51301 
as 839 066 774 226 5 


756 14 T4211 of 
31 Degrees 

* dines | Co-lines | Tangents 

o| 9*711839 9:933066 9778774] 10'221 

— —— 1— — c—_—_ 

1 | 9*712050, 9932990 9*779060| 19*220940| 59]. 
2 260 914 346} 654| 58 
3 469 838 32 368 
4 679 762 918 082561 
— Sn — 
's| 889g 685 9*780203| 10219797| 55 
6 Fu: 609 : 3 

7 $33 75 22505 
8 517 457 9˙78 1060 190218940] 
9 726 380 346 654051 
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